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THE WHEATS OF BALUCHISTAN, KHOKASAN 
AND THE KURRAM VALLEY. 


By 

GABRIELLE L. C. HOWARD, M. A., 
Second Iw. ferial Ecmomic Botanist. 


^I'HE WHEATS OF BALUCHISTAN. 

L INTRODUCTION. 

In 1909, tlie subjeot of the improvement of wheat cultivatiou in this 
Agency was taken up in re,s])ons(( to a re(|ne,st from the .Revenue CommLs- 
sioner ol',.P)alueliistau. In orchw to obtain .aojiie knowledge o£ the vnrietiiiK 
'of wlii'rtt grown. .sampleK of ri])e oars, togetlier with detailfi of the onltivatioJi, 

‘ w('Ti( so’nt from each District. Tliesc^ wheats present several intoiesting 
featnre.s from the systematic standjnnut, and from the point of view of the 
distribution of varieties in India on account of the jnoxiinity of Baluchistan to 
Central A.sia.-- the source of so manj’' imnngi'ation,s into India and the probable 
original home (d the wheat plant of antiquity. A careful examination and 
c,la.ssilicnti<iu of l.he wheats of this region has therefftre been made and this 
fornus tll(^ subject of the present paper. Some aceount of the cultivati(;n ha,s 
also Ireeu iiuliuled as the s\gvie\dtnra.l and. climatic conditions of Baluchistan 
are te some extent nnifpKi and are very dift’erent from those ef India. 

Th(? eeimtry of Baluchistan forms a transition between the plains f)f India 
aaul the elevated plateaux and mountain sy.stems of Centr al Asia. It iircliides 
the ])luius of Nasirabiid. Sibi and Kacldii (which resondrle Bind in almost a.!!' 
rtis])eets) aiul high valleys such as that of Quetta, five tlrousand feet above 
the .sea iind the I'eba plateau, the elevation of which is .seven thousand feet. 
The Agency includes Districts directly irnder Britislr adniini.stratien ami also 
territory which is under political control only, such as the Btates of Kaldt 
and Las Ih'la. The range in altitude and, cliimitic conditions is very great. 
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nonorally .speaking, only a. small 23art of tlie Agency consists of plains, 
.soin,o of low elevation — sncli, as those of Nasirabad and 8ibi. the Kachlii 
y>lai.n in Kaldt and the littoral of Makran and Las Bela — and vsoine at higlov!' 
altitiub'S sncli. as the Toba and Chaman plains and the Dak in Chagai. i'ly lar 
the largi'st part consists of ranges, of mountains, sometimes of great altitude, 
intersected by long i\arrow valleys. Cultivation is restricted to yiortions ol 
tire plains and valleys and most of the area is quite uncult'ivable. Prac-tically 
no monsoon rain is received. Bare hills, a general absence of vegetation, 
exceyrt in patches where irrigation is possible, are the characteristic features 
of a Baliicliistan landscape. In some parts, in the direction of Persia, parti” 
cularly in Chagai, large sandy deserts occur. 

The climate varies with the altitude. In the low^ plains, tire conditions 
resemble those in Sind and in the Punjab, namely, a long, intensely hot summer 
and a moderate winter. In the higher valleys, where the elevation varie.s 
from three to six thousand feet, the year can be divided into four distinct 
seasons. The winter is very cold with snow and frost and fhe summer is 
moderately hot. Great diimial variations in temperature a eharaeteih-tie 
of the climate. Places of intermediate elevation, such as Chaman ajid (kngai 
have an intermediate climate, while the very highest valleys, sncli as tin*. 
Toba plateau, are practically deserted in winter, the larger portion of tli(‘ po- 
pulation migrating to lower altitudes after the crops are sown. 

The annual rainfall is everywhere small and varies from 12 inches at 
Shtihrig to -1 iiiclies in Makrin. Most of the rain falls in connoctiou with the 
cold weather depressions which jmss over the country from the Persian ])ia- 
teau blit there are also some minor storms due to the moiusoon cnn'ioit. 
The precipitation is greatest in the highlands and is mostly derived from tht; 
winter storms. On the low-lying plains, the rainfall is very small and is mostly 
received in July and August. Idle general condition of drought is accmituatt'd 
by the strong, dry winds wliich are prevalent' in most jiarts of Baluchistiiu. 
These not only dry out the soil very markedly but also, by increa,sing tlu^ 
bransj)iratu>u of the plants, increase their consumption of water. The heat of 
the sun even in the uplands is intense and in some dry farming oxp(n’inients 
carried out at Quetta it was found impossible to produce, with, ordinary inqile- 
■nents, a mulch deep enough to conserve during July and August th,e moisture 
)f the 2 )Tevious winter rains from the combined effect of sun and wind. 

hiigation. 

To ensure a cro]), iiaigation iu some form or other is almost always ne.ctis- 
ary. A good deal of so-called unirrigated cultivation is carried on hut 



HOWARD 


3 


niowt o{ tills is I'eall)^ cultivation rendered possible by tlie water received 
ironi the hill torrents. The methods of irrigation employed are very 
various. 

(1) Riven and streams. Owingto the mountainous nature of tlie country, 
rivers and hili torrents are numerous. In only a few of the rivers, however, 
is there any considerable amount of permanent water. Many consist only of a 
shallow stream, except when flooded by rain from the hills, while in otiiers 
the bed is quite dry for a large part of the year. Where the ground is soft, 
as in parts of Kalat, the rivers, on reaching the plain, divide into numerous 
small streams and are thus immediately available for irrigation. In the rivei’vS 
wit h a permanent flow, dams are made of briisliwood and earth and the water 
is led away in open channels. These dams are generally constructed and 
owned by a hamlet or by a family, who keep them in repair and divide the 
water thus obtained among the members. Some of these dams are very large. 
The Ma.mak dam in the Mula, Kachhi took 700 pairs of bullocks two months 
to erect. Owing to the flimsy nature of their construction, these clams are 
continually being breached by the force of sudden floods. 

Ill Makran, where the rivers often form a series of deep pools, irrigation 
is carried out by leading the water from these pools on to the fields by open 
channels. In the case of hill torrents, the fields are embanked and the flood 
water is led on to them by open channels whenever possible. 

(2) Canals. These are only to be found in Nasir^bad, Sibi, and near 
Pishin. 

(3) S-pring.'i. Springs are common in the highlands of the Agency, and 
are much used for inigafciou. If the spring is a large one, the water is led 
directly by open channels on to the land; if it is small, a reservoir is 
constructed. Water has also been obtained by artesian borings in the 
Quetta District. 

(4) Kdrezes. The Mrez is a very ancient form of irrigation peculiaj' to 
Baluchistan and Persia. It consists of a series of wells connected by an under- 
ground channel. The first well is usually on the talus below the hills and the 
series is continued until the water debouches on the surface and can b(^ run 
direct on to the fields. A Mrez is generally owned by a family or ti iba! grou]) 
and the water is shared by time— thus if twelve members own equal shares, 
each in turn will use the entire flo-w for twenty-four hours. Repairs ai-e carried 
out by the lieadman at the expense of the owners. 

(5) Wells. Well irrigation is not much practised except in parts of Sibi 
and parts of Kachhi where the practice*is s^dd to be increasing. 
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(»eiu*ra!lT .^ponking, tiu; oietliods of irrigation practised are exir(‘ni<“!\ 
wasteful auii uofcltiiigis more surprising in such an arid region than to ,S(‘e Imw 
lift;io oare and t.huugli,t have been expended by the inliabitants in (omserving 
a]id using to the best; advantage the small aniount of water available. 

Thv (Jnifivafion of W/maf. 

Wlieat is the principal crop of tlie uplands, while in the |>:lains of Sil)i 
and Kalut tiie Md/v/t;rops .are more importaait. The crop is grown undm- irri- 
gation and on rainfall only. Irrigated wheat is generally sown fr(riii Oct<)b(‘.r 
to December. Usually the land is watered and the seed .sown broadcast, 
after which, it is })louglied in and covered with the beam. In some ca,ses, 
the seed is sown in the dry ground and Avatered afterwards. Tl).e umnber of 
subsequent Avater'ings varies with the locality but is generally ('.(msiderabie 
and may be as many as seven. lii January and Fdn'uaiy, the crop is grazed. 
HarA^est extends from May to duly, according to the altitude. The grain is 
trodden out by bullocks, often assisted by a thresliiug fraimv OAviug to flu* 
prevalence of Avind, separation is ea.sy and is gcmerally canbid out by ti four- 
pronged wooden fork. The giuin heap is sealed with (airthen seals until l.lio 
division can be carried out. The reAmnue in .some Districts i.s still tak<in in 
kind. 

Rain-fed Avheat is often drilled, botli in embanked fields wiiicJi have Inam 
flooded and also in land moistened by rain only, Tln^ yield d{‘j>ends <tn tlm 
spring storms. Tlie crop is genemlly a very small (me, n(!v<‘,r yielding mote 
than 5 or G maunds to the. acre. 

Irrigated AAbeat is generally heaAuiy manured in the neighbourhood of 
toAvns and villages. Avhile rain-ferd Avlieat is always uumannred. Land be.iug .so 
much more plentiful than Ava.ttu'. an extOtrsive system u\' falhtwiiig is pvae-tistal. 
Inigaied AAdutat land is always failoAVTMl for a,t Itaist a. ye.ar ; .som<(tiim\s if the. 
land i.s very poor for as long as t(m years. Rain-crop land, (ui the ot.Invr hand, 
i.s not falloAA’-ed. It is probable that the real effect of tJie falloAv is to a(vra,le 
the soil, Avhich is very poor in liiimus and which, after the constant irrigatiem 
under a strong sun, bakes into a ctmient-IiluA mass. Tn the neighbourhood of 
Quetta, Avheat seldom ripens normally and does not develop the ]>ro]aT amoinit 
of colour in, the chaf and grain. It withers rather than ripems and the grain 
is always shrivelled. This is due to the fact that during the ripening pmb.Hl,, 
when the temperature rapidly rises, moisture is quic,My lost from the balual 
surface while air can no longer ]>ejietrate to the roots of the Under 

vsuch circumstances, the wheat dries up- rather than matures. 
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A method of growing wheat with one imgatjon, foJIo wed by tloMise of 
iiiiplemonts for breaking the surface crust, has been worked, out at the 
hbit^tta Fni.it .Experiment )Statimi. On imraaniirod. laud, a greater yi(\ld was 
obtained, from this single preJiminary irrigatioii than ])y tJie people on. sirnilai- 
laud with, seven irrigations. A full account of these experiments will b(‘ I'oimd 
elsewhere. t - The adoption of this improved method of p,roductiou. wdiich 
is well within thcj means of the local ztmiindar, would irot o.!!!)-- i noroast, tlit'. yield 
per acre but would also enable a. much larger area to be put under wheat with 
the amount of water at present available. The wheat produced rvciild more- 
over be better developed, and of higher quality. .It is probable that the 
introduction of an early maturing variety would also prove benohcial. 

Grain Quality. 

Thoie is a general consensus of opinion that the Baluchistan wheats are 
not of good quality. They are said to bo markedly inferior bo tliose of the 
.Punjab, which are much preferred for food. A.s none of the Punjab wdieats, 
however, have really good quality or streugth^^ it would appear that the 
Baluchistan wheats are particularly poor. This is due partly to the s.ystem 
of culbivation and partly to the nature of the varieties grown. The grain has 
all the oharactoristics of weak wdieat. 

In order to throw further light on the local ideas j-ogardiug the inferiority 
of these wheats, two samples from Baluchistan v^eio included among a number 
of Indiafj samples sent in 1901) to Mr. A. E. Humphries, Pasb President of the 
Incoi'poratod National Association of British and Irish Millers, for complete 
milling and baking tests. One of the samples represented the ordinairy red 
wlioat of Qu<U<ta and was obtained through Khan Bahadiu- B, J. Patel, c.r.E., 
of the 8t. dohn’s Mills, Quetta. The other was a sample from Mastuug obtained 
througli the Political Adviser to the Khan »)f .Kaiat. ..Mastung wheat is su]>- 
posed to bii markedly superior to the other wheats of .Baluchistan. The 
following is tile report* received from Mr. Humphries. It will he seen that 
neither sampici was of good quality. 

'■ Baluchistan wheats. The twenty-nine lots included two, named No. I 
Ma.stung and Red Quetta, both of which I understand came from .Rahichist«4n. 

’ Aiimiiiil RopaiU f)f thc! Imporial Kooiioinio BotaulsliS, Puisa, 19j4-li]l. 

Hnwartl and Howard, Bidhtin No. 4 of the Queffa Fruit Expcriwitt Stofion, 101,]. 

3 Onu ol' tihd most; importanti (ihai'fUit(!ri.stics of a wheat from the point ol view of (■on- 
Humption iiH its ‘‘ .sfnmgth ” )W ''rhich i« meant the capacity of th(! resulting flour to make 
large, widl-shaixid loaves. The same grain rjnalitios which prodnee a good loaf also produce 
a good ejutpui. 

* Howard and How.ard, BidMin No. 32 of the Aijr. lies. JrtsUtu'e, Puau, 101 L 
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The fomiei' saiiipie cuutainecl mostly solt white wheat hut it also ooniaiiib 
soDK^ soi:t reel and some Irnrd red wlieat. This lack of uuiforinity in (.exiurr 
is a had point, (me to which British buyers attach much importaiKie. It 
behaves v('.ry \v((li in the conditionitig and milling processes. .In Idui iioies 
on appearance whicli I di(^1;at(vl as a> hrst stage in these invesi/igal.i<.»ns I said 
‘nothing special at ail in this sample, .yhonld be suiprisod if it. yields stnmg 
flour.’ Nor does it. It is Indian wheat cf an ordinary undistingiiislu'd 1;yp(o 

The red Quetta contains a large proportion of white wheat similar to 't!u‘, 
Mastimg. The berries are irregular in shape and comprise s'onu'. very liard. 
and some soft by nature. This kind does not appear to be strong and it is 
not so. The description I have used concerning Mastung applie.s to red 
Quetta also. The baker’s note concerning the flavour of the bread from thest* 
tAvo kinds is ‘ Very dry, very chaffy. Tastes like flour itself.* The. Iasi, 
remark, if inaccurate, is expre,ssive. No wonder the native.s prefer diirums 
to such varieties for their own food.” 

That there is nothing inimical to the production of .strong wii<^a,t.s iu the 
climate or soil of Baluchi.stan has been shown by the hehaviour of sonic. ol 
the improved Pnsa wheats at Quetta. Pusa 4, Pusa baud Ihisa 1:2, a.Il wheats 
with good quality, have been grown at the Fruit hlxpcrime.nt Station during 
the last few year.s. The samples obtained show that these, strong wheats 
do not deteriorate in (|uality under the new conditions. 

Unfortunately few of the Indian wheat.s are. .suitable, for diNt.ibiiiiim 
in .Baluchistan, on account of the nature of their root dovelopmeut. The root 
system which -suits the plains of India is not avcII adapt(Ml to withstand tlm 
drought and cold of Baluchistan, which nece.ssitate a nmeh (Uapiu and 
stronger rooting power, in 19JU, however, some cro.ssis wcr(‘. made, lie.twtieu 
Pusa wheats of good quality and some, high-yielding English kinds.* Alaiiy 
of the progeny liave very .strong rooting power and it i.s po.s.sibIe that som<; of 
the new wheats derived from these mmses will be found .suitable, Eor the 
Qiiotta valley, an early maturing, variety with good quality would be a gieai, 
benclit particularly as the new sy.stcm of ciiltivaticu if adopt((d vouh! !ea,d 
to a better development and ripening of the gi*ain, 

OltmifimUon. 

As regards the systematic a.spect of the subject, the mctlnal <miphtyed 
iu former publications, for the cla.,ssification of the w'heats of India has 
1 Anmiai H«puv(. ol' the lui]if'rial Ki'(mornk; Hotioiirt, 1 !)!}}. 

- Howard and tloward, Mniiair>^ of ty. Dvpirhnenl of At/t\ I'lt. fnilhi (HoL S«r.) vol. 
no, 7,. .1909.-: ■ ■ ■ , ' 

S Howard .and Howard, it/twii; oi .//idza, Calcutta, 11)10, 
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b(icu a<;l.oi')ied. This aclieme was based on tlic siib-divisioii (d Trilicim 
■'tfdivam Lani. into six sub-species and on the botatiical varieties ]>i’oposed 
by Kocrnicked 

Tnlimm mLimmi Lam. Ears with a fertile tei-iniiial sjnkclot and brittle 
oi; tough rachis. Outer glumes shorter than the tlowcn-iug glumes, with or 
without a blunt tooth at the side. Pales as long as the flowering glumes, 
uudivided. 

1. Rachis BRITTLE. Grain enclosed in the glumes when 

THRESHED. 

1. TriMcum speltu L. Spelt. Ears bearded oi beardless, long and 

lihin, lax and somewhat square. Outer glumes very broad 
and truncated with a very short and blunt apex iwid a sonie- 
wliat undeveloped keel. 

2. Triticimi diaoccum Schrk. Ernmer, Ears neariy always bearded, 

dense, broader on the two-rowed side, outer glumes sharply 
keeled with an acute apex. 

11. RaOHTS tough. Grains SEPARATING PROM the OHAPli' WHEN 
THRESHED. 

:k Trilimm compadimi Host. Dwarf wheats. Ears bearded or 
beardless, extremely short and very compact, more or less 
quadrangular. Outer glumes keeled above, rounded below. 
Straw very short and stiff. Grains rounded. 

4. Trilieum turgidum L. Rivet wheats. Ears bearded, large irnd 

four-sided with the spikelets closely packed on the raebis. 
Straw very tall, stiff, often solid. Grains large, short, and 
plump with a blunt apex. . 

5. Tfiticum durum Desf. Macaroni wheats. Ears large, dense 

vvith long awns. Outer glumes sharply keeled to the base. 
Straw stiff, usually solid. Grains long, somewdiat pointed 
‘and hard. 

n. Vill. Common w-heats. Ears beaided or beard- 

less, more or less lax (much laxer than T. compacium). Outer 

' Koornicke, Die Aften mid Variel&ten des Getreid&s, JBejiin, 1885. 
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koolccl above, rounded below. Btmw lioilow, ni<'duun 
in leiigtli. Clrams not rounded, more tliai) twicer os lnit,y os 
■ broad..." 

It must b(^ admitted that the distinctionH hetnvoiut the su)i-.s)ie(‘i«’s uvr 
not always very cleuv and that i uteri uodiate I’orius <‘.au be touud tamdiifiiii.y 
characters Irom two sub-s|)ecie.s. Koernicke pointed out that briti leness ol 
the rachis, persistence of the glntnos round the jj;rnin and tlt<'. pi-.eiiliar 
pjlnmc-sliape is not always well ilcfinod in all tlie forms of T. .speZ/o. <bt t.lm. 
other liand, the glumo-shajie of 5”. ,spoll(t is somotiuies to be found in f<H'ms 
belonging to T. udgare and T. mmqmium. He also ('anjihasiKed 
the difficulty of distinguishing lietwoon T. tlurmn- and T. fitrcjidinn. fidds 
difficulty was encountered in the present survey, (h'hm'w wluait fr<uu hhu'f- 
Sandonian (Baluchistan Class Vril) could with almost equal jnstic.e be a.ssiguetl 
to either of these two sub-.species. As Koernicke' point, s out. the ultimate 
decision must in such cases always be a subjective one de)Knuiing on the. em- 
phasis laid by the individual observer on any part.ieidar cliarac.f.e.r. In liie ( use 
of T, compadum and 2\ mlgare, the dustiuctioiiH based on the. glunu'. and 
grain shape break down utterly. In the llinmlayan tracts, a Iai’g<' nnmbi-r 
of wheats are found which combine the ear-.shap<i and the geimral eluinieters 
of T. mlgtiir with glumes and grain as rounded as in a.tyjucal vumpudim. it 
is often possible to find in the same sample two wheats ideuticail in every rt's- 
rect except that one has rounded glunie.s and rounded grain and in t he other 
■he giuine-shape typical of T. milgair with long grain. 

This has been pointed out in a previous publictahm- but was fouiui, to la^ 
■ven more striking in the cause of many of the BahK-.h.istan wlmat.s. It is a 
urious fact that wheats of this type are not to befonnd in tJm [>laii.s of liulia 
Ithough some of the Bengal wheats approximate to this (•(uidition. Such 
dieafeshave been foumi in the Himalayas near Bimla. in Ikdiiclii.staii and also 
i Khorhsan. The yield oj these wheats must necessarily be small a.s they Uii* 
■ways very lax and the grain is of small hv/m. The, short glume of a. .7’. nmi- 
ictnm combined with the rachis of an ear of T. vidgair l<«ids to the ])ro(ltie*. 
on of a structure iucfficiout in the extreme from the point of view of yield. 

, is })os,siblc thcreiore that those, forms represent the survival of an old t vj)e 
wheat which has been replaced in the plains of India b\' liiglu'r yi(>ldiug 
rms of 7. ludgara. On the. other hand, they bear a close, roBembbmee to tin' 
ogeny obiaitu'.d by ciossiug T, vompadmi a.nd T, vnlgnrc am) the ivgjous 


’ Kooi'nicko, l.t,-. 

'•* .HoiVii.rcl aud Howard, Whmt in Iiuiia, l.c, 
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ill whicli tlioy occur are reglous of jrroat arkUt.y in wliicli natural rrosNiuff ivS 
common. It is possible tlierclV.ro tinil. tlu\y u^pri'so.nf. the result of sucli 
cvossina:. As, howp.A^er, at tin; present time, no dwarf wlieats aro fmiadin 
any of tlio localities montiouod. tli is would appoa.r to bo iniprobalilo.' 

In, tlie conception of tbo variety, the dcHuitiou of Kocruickc- has boon 
followed. A variet y is considered to he a f^roiip of forms disiingnisliahle 
from other forms by some definite botanical or luorpholoyical character wide Id 
can be easily j;ocogni^:od in any wclI-f;rown individual ainl conversely, th.e in- 1 
dividual forms comprised in the group should be indistinguishable among cach^ 
other by a,ny such character. Botanical or morphological charadiers may he ■ 
defined as those which remain constant with change of environment or season < 
and which can be determined in the laboratory from pjxiperly de.vclopcd | 
specimens. 

In contradistinction to botanical characters are agricultmal or field cdia' 
raetevs which cannot be distinguished, in, the laboratory or from individual 
plants but can only be fully appreciated in the field in puiu cidtures, grown 
side by side, under uniform conditions. Such cliai act ers are time of matinity, 
height, susceptibility to rust. ’ 

As the classification of the wheats in this paper is of necessity based on 
ripe specimens, the only characters which could be employed wer e botanical 
or morphologic, al ones and the classification, therefore docs not go beyond the 
botanical variety. 

'riie (diaractors employed, by Koernioko nr grouping his system of bota- 
nical varieties W(u*e the following in the order given 

(n) Ears bearded or beardless. 

(h) Felted or smooth chaff, 

(c) Colour of the chaff (red, white, or black). 

(d) Colour of the grain (red or white). 

An examination of a much larger number of forms than tlrose which were 
at the disposal of this observer and also the residts of moilern. investigations 
on the inlieritarice of characters in wheat have shown that the alternative, s 
(Mnimerat<*d above l)y no means cover the immber of characters available for 
iJui distinction of botanical varieties. To take t.he first case, '■ears boarfled 
or Ixnirdhiss,” it has })eeu recently pointed, out that the degi'cui of l,)ca.i'di?ig, 

' Since ihc wa.s written, wheats of the type described have lieen obtiiined in the 

Ky of a, (JVoK.s ijetween a macaroni and an ordinary wheat, 

* .Kocruicke, 1. c. 
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iiat is t.]ic iuul arraiigoiueut of the tuvns, (ni a wheat, inay vary in seva-ral 

r’aysJ An entirely bcardJess wheat i« rare. In India, pait.icnlarly, a larj^e 
iiin1)e.r (>£ wheats are neither fully bearded nor entirely bcardh^ss, but possess 
liort awns of varyini,^ length. Those awns may be so .short as to I’ortn sninll 
ipH to the glniu.es or the wluiats may appear to lie half-bea.rde.d, "'riie, long 
wns on a fully boarded ear are dim to two factors, eaeli of wliieli when pre.se.nl 
lone, produces a .half-bearded ear which breeds true to this character. \ a rioiis 
ypes of bearding are showm in Plate I. It is evident that any system in wiiiidi 
nly two alternatives, bearded and beardless ears, are considered is incoiu- 
lete and will result in. the grouping together of a large number of very diifercnf. 
>rms. In, the same way it has been sho\vn that the felting in some wheats 
; due to t,he presence of two kinds of hairs, while in others Only om‘. kind is 
resent. The difference is easily recognizable macroscopically on single ears 
y the density of the felting. 

Aithough it has also been demonstrated that the red colour of the chalT 
tid grain is not uniform in all wheats, but varies in tone owing to lOe ])re.seiicc’ 
r absence of several factors for red cohnir,"'’* iievertlieless this i.s not of 
reat significance in a botanical classification, asit is impossibleto distinguish 
jcurately such differences except by breeding. It is sometimes po.ssiliit! <o 
istinguish two wheats by the tone of colour of their chalT but such djstiuc- 
ons can only be seen in the bulk and must remain of very minor im]>orlanco, 
hey can have no p.lace in the main divdsioii.s of a class! liiiutory scheme. 

Two other characters whieli. are not considered in, tim, abov(‘. sc, heme laiii. 
)Wover, be very iisefnlly employed in addition and these, are glume-slmpe 
K.l grain-shape. As pointed out above, the distinctions between the. snb- 
lecies based on glmue-sluijKJ break down to some extent. WIie,at,s iMdmiging 
» T, vidgare may be fonnd with distinctly rounded, glu.m.e.s. This is jui eas\' 
laractei: to dctcriiiim^ in, dried specimens and is therefore vwy suif.able. for 
io in a botanical clasKsificatiou. (irain-siiapeis also aciiaracter whitdi can Is; 
n,])loyed as a moans of distinguishing one wheat from another. Mxamina- 
:m of tlic progeny of a large, number of crosses shows that this elmraeliw 
definitely inherited and is not materially influenced by clulng(^s in envirou- 
eiit. A certain amount of practice is reipiired before the eye cau distin- 
dsh the different forms of grain but any one accustomed to handle wln-at 

' Hovvfud ;UH1 linwio-d, MrMou’g nfifir Depi. of A>jr. i„ India AVr.), vol. Ill, no. (i 
13, twd vul. V, IK). I, leiG. 

NHhsdu Jfihlf, Krcuzmoj-mnlcrsnchuitiim an IJnfcr and Witrti, I,uik1, 

Ro\s'avd md ^!nn. of (IwJJeid. of Ayr, ^ India {Uof, AVr.),' vol. Ill, tm. (1, 
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<!aii make. out. tlic components of a mixed sample witli tolerable accuracy. 
T’luo'(i ;tro i(ui.r sh.{i,pes which are most freciuently found and which have been 
employed as an aid to classification in the present paper ; the ordinary long 
gi-a.iu, which is the best known form, the short or truncated form, /.c., one in 
which, tlu'. end appears to have been cut off, the rounded form, and the form 
in wluch. the dorsal side is raised. This latter bears some resemblance to the 
luimp of a camel and as a word was required to describe it shortly, the term 
luuupcd ” has been employed. All four forms are shown very much en- 
larged in Figure 1. 

Another character which is useful is the colour of the straw. Many 
1 udian wheats exhibit a pink tinge on the straw on ripening. The pink colour- 
iug matter turns black when the straw is quite ripe and gives the latter a grey 
or purple appearance. This peculiar colour of the straw is easily seen and is 
a definitedy inherited character. 



Short. Ordinary. Round. Humped. 


Fig. 1. — Grain-shape in wheat. 

Mmuigli has been said to show that modern investigations have rendered, 
the sclu'.tue of botanical varieties proposed by Koernicke somewhat out-of- 
tla,t{«. There arethree principal reasons why the scheme is no longer adequate. 
In the lirst place, tiui! cliaracters chosen do not present simple, alternatives such 
as prtisence or a]>seuce of awns but may be present to dift'erent degrees. In 
llu^ second place, the characters employed are too few and, as a result, many 
whcat.s, obviously different even on a macroscopic examination in the labora- 
tory. fall into one \-ariety. Thirdly, as material from other parts of the world 
ha.s luHiomc available, new forms have been found necessitating ncAV varietal 
mimes. For inst.ancc, there is no varietal name for a bearded wheat with black 
awns, red aiul black chaff and white grain although such wheats occur in 
Miliar. The need for a revised systematic scheme for wheat is obvious, but 
such a scheme must be based on examination of wheats fro,m all parts of the 
world and to tlevise a new scheme for the Indian wheats by themselves vnukl 
only add to tlic confusion and would prove of no ultimate advantage. 

In the present paper, the botanical varieties, as defined by Kooniicke, 
have been subdivided where necessary into classes, the class distinctions being 
based on the degree of bearding, felting, the tone of colour of the chaff, glume- 
shape., shape of the grain and colour of the straw. 



'rili''] WHEATS OF BALUCHISTAN- 


As re.jfar-Us tlio terms bcardwl and. l>eu.rdlesii, all wheats ill wliieii the 
ns are ludE jiu iuoli or more long have been classed among the beaulod 
rieties. but in tln^ descriptions the term boarded has been rpuilified I\v siudi 
lu as fully I's'.arded, mid half-be.arded. As the samples kiid to be scut 
g distanofis and wore collected and despatched by subordinate ollic.ials 
li little or no knowledge (d th,e ca.re necessary in sending specimens, it is 
. surprising that a good deal of breakage took place, esjieeudly of the 
IS. This has made it difficult, in some cases, to determine the d.egi-e.e of 
rnling. and it is possibh', that tliis may m>t aJwa,ys have l)een (piite 
nratoly described. 

There is a curious want of colour about tlie wheats both from Baiiieiii.staii 
Khorasau. The red colour of the ehalf and of the grain, if present, is 
3 and poorly developed, [n the jdains. wffiite-challfed or whife-grained 
arts are really yellow in colour and it is only a eouvention to term them 
be, but ill these arid regions they ajijuakximate more to a true*, white iind 
e a dead or dull appearance. It is jirohahle that this want of develo])meu(i 
1 of the red and the yellow' colouring matter is due to tlie conditions undo]' 
ill tlie wheat ripens, As pointed out above, constant irrigation under a 
sun and wind, by producing a cemeiit-like coiulithm of the soil imper- 
ble to air, induces withering rather than rijiening. 

The most striking point about the Baluchistan wheats is the largt^ 
.her of different kinds cultivated. Two varieties of rivet wheats whieli 
be subdivided into three classe.s. four varieties of maiairoiii wheats falling 
six ehi-sses. one varhdy of coiniMChm and eighteen vuabdries of 7'. luihjart' 
orisiug fifty-four classes were found. Considering how sma.ll tlie a,(;f,ual 
under cultivation is, this was .somewhat nnexpeeted. BaJiUihi.stan is the 
jiart of India in which, rivet wlieats ocenr. 

II. CLAiSSIFrCATION AND DIASCKH^TION 
OF T.HE TYP.KS. 

,. CLASBIFKAVTION OK THE WHEATS OF BALUClHS'rAN. 

Tri'I’iouai Ti.nnUDUM L. Rivkt whi.iat.«, 

, Olumcs felte.d. 

A. Ohimea w'hite, awns biuok. 

a. Grain white. 
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var. Salomoms Kcke. ? 

BalucliiHtan Class 1. 

2. Glumes smooth. 

A. Glumes wliite. 

«. Grain white. 

var. nemausense Wittm. 

BaliichisUiii Class Tl. Ears short, much broader at the base than at 
the top; awns black. . ; 

Baluchistan Class III. Ears long, not markedly broader at the base ; 
awns wlrite ; glumes with a white bloom. 

Triticum durum Desf. Macaroni wheats. 

1. Glumes felted. • 

A. Glumes white, awns black. 

«. Grain white. 

va]‘, mdanopus Al. 

Baluchistan Class IV. Ears very lax and slender ; glumes very long 
with well-marked lateral ridges ; grain exceptionally long even 
for a macaroni wheat. 

Balucliistan Class V. Ears long, less lax and thin than in (lass IV ; 
lateral ridges not prominent; no blatik colour on ghimevS ; grain 
very long. 

Balucliistan Class VI. Ears short and dense ; a good deal of black on 
the glumes ; grain somewhat short. 

2. Glumes smooth. 

A. Glumes red, awns red. 

a. Grain red. 

var. murciense Kcke. 

Baluchistan Class VIl. 

b. Grain white. > 

var. hordeiforme Host. ^ ^ ^ ^ ^ ^ ^ ^ i 

Baluchistan Class VII J. 


B. Glumes white, awns black, 
a. Grain white. 
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var. hurmndan AL 

'Bahicliiistan Class IX. ^ 

TlH'nOUM f!OMPA(TI’lIM HOS'I’. DWAEF WHEATS. 

Kars )){^ar<ll«>ss. 

L Gliinies sniootli. 

A. (.Hiinies white. 

a. Grain white. 

var. Eumholdii Kcke. 

Baluchistan Class X. 

Tmticum vulgare Vill. Common wheats. 

Ears bearded. 

1. Glumes felted. 

A. Glumes red. 

a. Grain red. 

var, harbarossa Al. 

Baluchistan Class XL Ears quadratic in section, dense ; awns black. 

Baluchistiln Class XIL Ears medium to lax ; awns black : j^lumes 
somewhat short and rounded with some black colouriujs^^ ; grain 
small and rounded. 

Baluchistan Class XIII. Ears long and lax ; awns and clia If reddish 
brown : grain rather large ; straw strong. 

Baluchistan Class XIV. Ears sliort, somewdiat dense ; clurlf i'i*d wit it 
a bluish bloom ; grain short, somewhat rounded ; straw tlrin to 
medium. 

b. Grain white. 

var. turcdcim Kcke. 

Ifaluchistan Class XV. Ears long and lax ; chat! reddish brown, hairs 
long and dense. 

Baluchistan Class XVI. Ears long, laxer than in Class XV ; chaff 
pale red with a bluish blo(jm. 

Baluchistan Class X\'Ji. Ears sliort and somewhat lax ; ghmais siioit 
iuid rounded ; grain short and round. 
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B. Glumes greyish white with some black; awns black. 

va.r. fuliginosum Al. 

Baluchistan Class XVIII. Ears long. lax. bold ; awns sliort aird 
spreading ; grain large, humped, pale; red : straw very stout and 
strong. 

Baluchistan Class XIX. Ears long, lax, not bold ; awns not syrread- 
ing ; grain neither humped nor rounded, somewhat dark red ; 
straw medium. 

Baluchistan Class XX. Ears short, medium to dense ; awns not 
spreading ; grain small, ronnded, pale red ; straw inediuin, 

C. Glumes white, awns white. 

a. Grain red. i . 

var. Eontiawtm Clem. 

Baluchistan Class XXI. Ears medium in. length, fully bearded, awns 
long ; grain somewhat large, red. 

Baluchistdn Class XXII. Ears medium to long, fully bearded, awns 
short ; grain dark red, long. 

Balnchistan Class XXIII. Ears short and thin, fully bearded ; glumes 
rounded, short, very white ; grain short, round, pale red. 

Baluchistan Class XXIV. Ears partly bearded ; glumes short and 
rounded ; grain small, humped ; straw thin. 

Baluchistan Class XXV. Very similar to Class XXIV but ears bolder 
and larger ; grain larger ; straw stout and strong. 

b. Grain white. 

var. Kcke. 

Baluchistan Class XXVI. Ears fully bearded ; glumes not rounded : 
gi'ain long, not humped. 

Baluchistan Class XXVII. Bars fully bearded ; glumes not rounded ; 
grain short, not humped. 

Baluchistan Class XXVIII. Ears partly bearded; glumes i-oiinded ; 
grain very humped and short. These might possibly be considered 
as bcardleiis. 

Baluchistan Class XXIX. Ears with long tips or short beards ; glumes ’ 
rounded ; grain white, short, very humped ; straw' strong. 



THE WHEATS OE IJALUCHISTAN 


B;i]riH]iisitHi ('lasH XXX. Ears vvitli long tips wliicb. arc ofttiU hhiok ; 
ghunes roandod ; grain not Ivnrnped ; straw woak. 

2. (:liiun i-niiiotli. 

A. (Jinnies red, awns black. 

<(. (Jrain red. 

var. raesium Al. 

.Baliicliistan Cla.ss XXXI. 

B, (J] nines rod, awns red. 

(f. (Jrain I'ed. 

va.i\ femifpneum Al. 

Baluchistan Class XXXEl. Bars large and bold, fully bearded ; (dialT 
brownish red ; grain pale red. large. 

.Bahiehistan Class XXXI 11. Bars thin, fully lauirded ; clialT pale rod 
with bluish bloom ; grain smaller than in Class XXXI 1 and (»! a 
lighter red. 

Bahniliistan Class XXX1.V. Bars thin, partly bearded : glnmes sliglitiv' 
rounded; cha IT nahlish brown ; grain dark red. 

Baliic'histuu Cdass XXXV. Ears short and thin, slightly la'arded; 
glumes rounded; (dial! reddisli brown; grain pa,lo red. 

h. Cram white. 

var. eryfhrolntcon Keke. 

Bahicliistan Class .XXXVl. Ears fully bearded; chalT brorvnish red 
with a blnisli. bloom ; grain long not luuujied. 

Bahwhistan Class XXXVl 1. Ears fully beardisl ; glumes sliglitiv 
rounded: elnvl! ])ale red with bluisli bloom ; giain wil.h a distinct 
hump. 

Balueliistfin (dass XXXVI’IL 'Bars fully bearded ; clialf browniidi 
re(l with no bhiisli blo(Mn ; grain somew'hat hiiinped. 

Baluchistsiu Class XXXIX. Ears partly Ixiarded, lax ; glumes sonn.e 
what rounded ; chalf with bluish bloom ; grain without a Imnip. 


C. Cluines white, awns white. 
a, Crain red. 
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var. erytJir6spermmn Kci-re. 

Baluchistan Class XL. Ears bold, large, fully boa rdod : awns sti-fl’ and 
spreading; grain dark red, large, short, li,nnipnd ; straw saay 
strong. 

Baluchistan Class XLI. Ears lax, not bold, fully hoarded ; awns not 
spreading ; grain dark red, humped ; straw medium, no pink 
colour. 

Baluchistan Class XLII. Ears medium and slender, fully bearded, 
awns long not spreading ; both awns and glumes with a pink tinge, 
grain short, not humped, medium sized, light red ; stra w \veak, pink. 

Baluchistan Oass XLIII. Ears medium ; chaif with a reddish tinge ; 
grain on the whole not humped. 

Baluchistan Class XLIV. Ears long, lax and slender ; chaff finite 
white ; grain humped. 

; 6. Grain white. 

va,T. graecimiKGke. 

Baluchistan Class XLV. 

11. Beardless. 

1. Glnmes felted. 

A. Glumes red. 

a. Grain red. 

pyrothrix Al. 

Baluchistan Class XL VI. Ears medium to long ; beaidless with very 
short tips ; chaff reddish brown. 

Baluchistan Class XL VII. Ears short, quite beardless ; chaff red with 
a certain amount of bluish bloom ; straw pink turning black on 
ripening. , 

b. Grain wdrite. 

var. Delfii Kcke. 

Baluchistan Class XLVIII. Ears long and medium in density ; chaff 
red wuth bluish bloom. 


2 



THE WHEATS OF BALTJOHTSTAN 

Baiiidiistdu Clnss XLIX. Ears sliort and flense with a fan-shajHMi. 
apex ; chafi roddisli brown. 

B, Glumes \vli.if;e. i 

a. drain red. 

var. iW/dm/OT Bcliiibl. 

Baluchistan Glass Ij. Ears with many short tips ; chal! y<dlowish 
wliite ; grain rounded ; straw not pink. 

Balucliistan Class LI. Ears (|uite beardless : ehall yellowish white ; 

grain not rounded; straw not pink. 

Baluchistan Clas.s LIT. Ears quite beardless or with one or two short 
tips ; chai! very white ; straw pink. 
h. Grain white. 

var, leHeM'pmnum Kcke, 

Baluchistdn Class LIII. Ears bold and large, dense with l'jui"sha|ied 
apices, flattened ; grain short and small ; straw <vxtr(‘.nmly strong, 
pink turning black on ripening. 

Baluchistan Class LIV. Ears medium, not flattened : grain sliort 
and small ; straw fairly strong, pink turning bhu'k on ri^umiug. 
Baluchistan Class LV. Ears with well-marked tiny tips ; glumes 
somewhat sliarply keeled ; grain longer than in Classes Llll and 
LIV ; straw thin not pink. 

Glumes smooth. 

A, Glumes red. 

a. Grain red. 

var, milinnm Al. 

Baluchistan Class LVI. Ears not flattened, tapering at the top ; grain 
pale red. 

Bahiehistan Class LVII. E a,rs flattened, broader at apex ; grain light 
red,. : 

b. Grain white. 

var. albnruhrmn Kcke. 

Bahicliistdn Class LVIII. Ears long, nudium ; grain round not hunqiml, 
Baluchistan Cla.ss LLX. Ears short, donso \vith faiKshajuid a]nees; 
grain very small, raiind not humped. 
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Baliwhistan Cla,ss LX. Ears lax ; glumes rounded ; grain Im toped, 

B. Glumes white. 
a. Grain red. 

var. lutescens Al. 

Baluchistan Class LXT. 
h. Grain white. 

. var. alhidutm Al. 

Baluchistan Class LXII. Bars tapering at the top, medium to lax ; 
straw thin ; grain not rounded. 

Baluehistan Glass LXIII. Ears dense, very bold, with fan-shaped 
. apices ; grain very small, round; straw .very strong, 

Baluchistan Class LXIV. Ears dense, small, with fan-shaped apices ; 
grain niediiira sized, not rounded ; straw weak. 


B. DESCBIPTION OE THE WHEATS OF BALUCHISTAN 
Tritioitm turoidum L. Rivet wheats. 

Ears square and dense, bearded; glumes sharply keeled to the base ; 
.straw stout, stiff and solid ; grain plump, short, rounded, very large. 

var. Salomo7iis Kcke. 

Baluchistan Class I. Ears short, broader at the base than at the top ; 
awns black ; glumes felted, white ; grain white, soft. 

\Wieats belonging to this class were found in Pindaro wheat from Panjgjiiv, 
Mahwan aiid in wheat from Kharan, Kalat. 

var. nemamense Wittm. 

Baluchistan Class II. Ears short, broader at the base than at the top ; 
awns black ; chaff white, smooth ; grain white, soft. 

Pashnah wheat from Chagai belongs to this class. This wheat is only 
cultivated in the Kallagh settlement of the Raskoh Range and occurs nowhere 
tilsc in the District, It is used almost exclusively to make porridge a,s the 
flour docs not bind well enough for cJiapaUies. It requires a good supply of 
irrigation water. The same wheat also formed part of the sample of PasJma'fc 
wheat from Kharan, Kakit, 
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Ba 1 ndiif?t;in riasf! TIL Ears very bnp:, apex airdLase about tbe^ 

'oaflth. awns wliitc ; chaff smooth,, white with a white bloom. ; «j;Tain while, 
ft.: 

Wloiat l)oi,onein,£( to tliis class was found in Spin nkmam from Hlialiiie. 
bi. . 

Tpjttottm dtirttw Dm.sf. Macaroni w.HTi]AT.s, 

Ears flat, fl(>-vvering glumes wit,h long awns ; outer ghiinos shar]:>ly Iceeled 
the base ; straw stiff and solid ; grains long. 

var. mdanopus A], 

Baluchistan Class IV. Ears very lax and slender ; awns long and black ; 
Limes exceedingly long ydth well-marked lateral ridges, somewhat sparsely 
:bfid except on the ridges, white ; grains exceptionally long even for maea- 
ni wheats and much compressed laterally, white. 

A specimen of, this wheat termed Maeea Muazzama (j/imiamy Mecfia. wlu'at , 
LS received :f,rom the Kila Saifulla tahsil of tlie Upper Zlud) Snljulivision. 

! the name implies, this variety is supposed to liavo been import, c<l from 
?,eca in very small quantity by kijifi, It is considered so sacred 1 hat- it, <'auimt 
sown without performing the ceremony of alilution. which is lu'cessary for 
0 offering of prayers. Any increase in the cultivation of t-hi.s variety In 
iclered by the great respect in which the grain is hd<l hy Wohamnuulan 
dcnlturists. Its chief use appear.s to he to neutralixi^ tih<‘. clha^t; of the. e\'il 
in a field. A single ear identical with the above was femnd in a sjiccimeu 
If \vheat sent from Duki. 

The wheat known RsS Siah in Khordsau is probably identical wit^h 

s, . , . 

Baluchistan Class V. Ears long, mediumV less lax and thin than in 
Lss IV ; awms long and black ; glumes long, lateral ridges not promiueiit., 
l}cd, white with no blackening ; grain white, hard, exceptit)nall3' long (weu 
a macaroni wheat; straw" pink. 

To this class belongs a wheat from Duki knowh as “ Wmhmdc of tlu; 
njab.’’ It is an introduced wheat and is only cultivated on a very small scale. 
1, few places. It is probably identical with Type I of the Punjab wh('at.s.‘ 
Baluchistan (’lass VL .Ears short and dense ; awms black (an iiiteiuui 
niiig black) ; ghinics with a good deal of blackening ; grain dark amber 
'd, somewhat short for a macaroni. 


I lanvioU and Homo'd, in. Indiu, p. 177 , 
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To this class belongs Tor ghamm from Fort Bandeman. Lowo!: Zliob, 
tlio name having reference to the black glnmes, A few ears of the same wheat 
wore found in a sample of Piiidciro wheat from Panjgur, Makran. 

Meddo ghozMza \vla.ea.t from Musa KheJ, Loraiai belongs eitJier to Class V 
<»r Class 71. It is only grown on irrigated land but is said to bo in general 
cultivation. 

var. mw'ciense Kcke. 

Baluchistan Class VII. Ears medium in length and medium in density; 
awns light red ; chaff smooth, light red ; grain red. 

Wheats belonging to this class were only found in small quantities in a 
sample of Pindaro wheat from Panjgur, Makran and in a sample of Sm ghancmi 
from Fort Sandeman, Lower Zhob. 

Ya.x. hordeiforme Host. 

Baluchistan Class VIII. Ears very short and dense ; awns light red ; 
chaff smooth, light red ; grain rather short and humped, soft, white. 

The wheats belonging to this class bear some resemblance to rivet wheats'. 
The grain is shorter and more humped than is generally the case with macaroni 
wheats, and some difficulty was exi)ei’ionccd in correctly classifying them. 
On the whole, however, they appear to have more in common with the sub- 
species T. djwrum. 

Orbasin ghamm from Fort Sandeman, Lower Zhob belongs to this class. 
A very small quantity of the same wheat was also found as an impurity in 
Tor ///umaw from the same locality. 

var. JcMcomekwi Al. 

Baluchistan Class IX. Ears medium in length, dense ; awns with some 
blackness ; chaff smooth, white wdth a reddish edge ; grain not humped, 
soft, long, white. 

About half the sample of Pindaro wheat from Panjghr, Makran, consisted 
of a wheat belonging to this class. 

Teiticum oompactum Host. Bwar]? WHEATS. 

Ears very dense and short, rarely over tw'o inches long ; outer glumes 
keeled in the upper half and rounded in the lower half ; straw very short and 
stiff; grains rounded. 
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var. IlnMloldti Kcke. 

BaJudiistan dasB X. Ears very sliort, bcurdless ; glumes HUUKdli, wliil.c : 
nun small, round, wLitc, luml. 

’Wheats bejoiigiag to tliis species are not cultivated in Balinvliislaii alt lumgli 
ley are laiiiy coimnou in the- adjacent Province of the Punja-h, Oidy a. vcia 
nail (juantity of a wheat belonging to this class was fouiul as an iinpiirit-y 
L two samples of vvJieat Thoriaiid IPdru, both from Gandava, Kaclihi, ivahit , 

Teiticxim vulgare Vill. Common wiiE ATS. 

Ears bearded or beardless ; outer glumes not keeled to the base ; straw 
>llo\v ; grain neither very long nor round. 

var. harbarosm Al, 

Baluchistan Class XI, Ears (|iiadratic in section, dense and somewluit 
ort, bearded ; mvns black ; chaff densely felted with long hairs. |ml(^ red: 
ain red. 

Only one wdioat belonging to this class was found in Mdlodag fi-om !u''(;!i. 
i-krain 

Baluchistan Class XIL Ears bearded ; gliinies somewhat short nud 
mded, felted, reddish browm with some black ; grain red. sum II a, ml 
inded. 

Wheat belonging to this class was only found a. s an impurit-y in vi*r\' 
all ijuantity. 

Baluchistan Class XlIJ. Ears hing, bearded ; a\v:ns reddish brown : 
dl felted, reddish brown : grain ])a,le rod. rather large ; straw strong. 

Cheats behmgiiig to this (dass wei-e also found in small <nia.nl,il.y (miy 
unpimties m Idpin yhanmn from Sanjawi, Loralai ; in l^pin ifh(tnmn frmli 
■i, Bora.la.i ; in Sjm ij/miam from Kila Baifullu, Upper Zhob ! in a sam]de 
ru-i from some district unknown and in a sample from Mach. 

Bdluclustan (lass XIV. Ears short, somewhat dense, beariled : awns 
■t and light red ; glumes red with a bluish bloom ; straw thin to medium : 

11 short, red, somewhat rounded. 

Ihis was found in very small quantity us an impurity in a sample nf 
at from Mach and in Thurl wheat from Easirakid, Bibi. 
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var. turcicuin Kcke. 

.Balucliist4n Class XV. Ears long and lax. bearded; awus red; glumes 
densely {cited with long hairs, reddish brown ; grain white, soft ; straw fairlv 
strong. 

To this class belong Spin ghmuim from Bori, Loralai, and Spin (jhamm 
from Kiia Saifulla, Upper Zhob. Similar wheats occurretl in Sam, ghanam 
from Duki, Loralai ; in Spin gJumam from Sanjawi, Loralai ; in Kajani or 
Borji wheats from Sibi Sibi ; in Soor ghanam from Shahrig, Bibi ; and 
in Tw'/a wheat from Dalbandin, Chagai, 

Baluchistan Class XVI. Ears longer and laxer than in Class XV, 
bearded ; glumes felted but hairs are less dense and shorter than in the 
previous class ; grain white, soft ; straw stronger than in Class XV. 

Wheat belonging to this class was found in very small quantity only as 
an admixture in Bugri from Nasirahad, Bibi. 

Baluchistan Class XVII. Ears short, lax, bearded ; glumes short and 
rounded ; densely felted as in Class XV, reddish browm ; grain short, rounded, 
white, soft. 

This was only found as an admixture in small quantity in two samples 
from Mach. 

var. fidigmomm Al. 

Baluchistan Class XVIII. Ears long, lax, bearded, wdth short, spreading, 
l)lack awns ; glumes somewhat rounded, felted, white ; grain large, humped, 
somewhat like rivet grain, red, soft ; straw very stout and strong. 

This wheat was found as an admixture in Kamar ghanmn from Ciuunan, 
Quetta-Pishin ; ill Spin ghanam imm Kakar Khorasan, Low'll Zhob, and 
in /Sara (//aMiff'Wi from Bori, Loralai. 

Baluchistan Class XIX, Ears long and lax, less bold than in 
Class XVIII ; a\vns black but not spreading ; glumes felted, greyish white ; 
grain neither humped nor rounded, somewhat dark red ; straw medium. 

Wheats belonging to this class occurred in Wdru from Dhadar, Kachlii 
Kahit, in Siah das from D41bandm, Chagai ; in Pdmbarin and Toda wheats 
from Quetta and in two samples from Mach. 

Baluchistan Class XX. Ears short, medium to dense, bearded ; awns 
long, black, not sju’eading ; glumes felted, greyish white; grain pale red, short, 
rounded soft ; straw naedium. 
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AVliurn'iS l)r-l<,m,ging to tiiis class occurred in small cjiiaiit it: as adtiiixtures 
in linji'i and Thori -wiioats from Nasirabad, Bibi ; in Than wlicat ts'oni 
(bindiiva., Kaciihi. Kalat ; in Urhmi wheat from MiisaKbcl, Ijoralai ; in 
ffha.iiaw and Laghar from. Bori, Loralai and in Tor glwiio<hi jumI ^>'0' 
(ihiniiiiih from Bort Baiidomirii, Ijower Zhob, 

This occurs otdy as an admixtairc and uovvlmro lo:i in,s 

the hulk of the wheat cultivated. Punjab Typo 9, a very dislin(4.ive whe.-it 
<)f Idle Punjab known as the of Montgomery belongs to thus variety 

find it is probable that some has found its way into Baluchistan. 

var. Host/kmwn Clem. 

Baluchistan Class XXL Ears medium in length, and density ; awns 
ong and white; glumes felted, white; straw strong; grain soniowluit la:i‘gc, 
■ed, shape ordinary. 

Wheats belonging to this class were found as mlniixtnres in. Ihthak wlicat 
rorn Panjgiir, Maknhi ; ii;i Bujri wheat from Nasirubad, Bibi ; in Ktili i/httiKim 
'rom Chaman, Qiietta-Pislun ; in Lakhi whea.t from Barkhan, Loralai ; in 
wheat from Musa Khel, Loralai, ; in I'odo. wheat from (hict ta, in 
lahyalc horn Niishki, Cluigai a:nd in Ttirhi wheat from Dulbaiidiji, ('luigai. 

Bahichistiin Class XXIL Ears inodium to long, n:uH}ium in density ; 
WHS short ; glumes felted, white ; grain dark red, long, Jiaril. 

Wheat, s belonging to this class occurred as admixtures iu Slto/nfrr: I licai . 
{ Bull nizi wheat and in live samples from M,u,cii. 

Balucliisiuii Class XXIIL Ears short and thin ; tueilium to lax ; awns 
hit 0 : glume, s short and rounded, felted, white ; grain pale. red. slnul . 
iiuid ; .straw weak. 

Wheats belonging to this (!la..ss were found as admi.xl un'S in Kanmr. Buia 
id Hpm wlieats from Phlu'ii ; iu Pambarin and wlnxil.s from hho’ftii ; 
(onlctmla wheat from Chaman, Quetta-Pishfu and in threi'. samph's from 
acli. 

BalucJiLsUiu Cla.ss XXIV, Ears medium in length, lax, partly boarded 
c'., lioards ]iot so long as iu fully bearded wheats); glumes simrt and 
ted; while ; grain small, short, red, soft, distinctly huiuped in slutpe ■, sli-aw 
,n. 

Wlieal.s bi'longjng to this class W(U'(‘ found a,s admixtures in bV/o/ ghoutnn 
m .Port Bandemun, Lownu Zho]>, in Baloman mu, likudu dudrnk Komur 
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and f^linhderzi wkcatK, in a sample of white wheat from Nusliki, Oiaorti 
ill Tvt'h. wheat from Dalbandiu, Chagai; in Sra ghmiam from Kila Saif u 11a, 
UpiKM' Zlmb and in a sample from Mach. 

.Ibilnchistan Class XXV. This is very similar to the last class but tlie 
heads are larger and bolder, the grain is larger and the straw strong and stout. 

Tins was only found as an admixture in one sample of Kumar wheat 
from Chaman, Quetta-Pishin. 

var. meridionale Kcke. 

Baluchistan Class XXVI. Ears fully bearded, medium in density ; 
glumes felted, white ; grain white, somewhat long, shape normal. 

Kamar ghmiam from Chaman, Quetta-Pishin, belongs to this class anti 
also another sample from some place unknown labelled Kumar. \¥lieats be- 
longing to this class also occurred as impurities in Tocla wheat from Quetta » 
in Bu{jri and Thori wheats from Nasirabad, Sibi ; in Sjnn ghmiam from Chaman, 
Qiietta-Pislun ; in Spin ghammi from Kakar Khorasan, Lower Zhob ; in Stg> 
ghaimm from Hindubagh, Upper Zhob ; in Sara ghmiam from Bori and San- 
jdwi, Loralai ; in five samjiles named Khmla dmlarzi, Madar Mmshhdha, 
Shahderzi, Bafi remand Sahmmi ram ; and in .Twr/re wheat from Dalbandiu, 
Chdgai. 

Balucliistan, Class XXVII. This class is very similar to the above but 
dilfers in glume and grain shape, the latter being smaller and shorter. 

Wheats belonging to this class occurred as admixtures in a sample from 
Quetta, in Kamar and Spin wheat from Pishin and in four samples from 
Macli. 

Baluchistan Class XXVIIL Ears not quite fully bearded, medium to 
lux in density, medium in length ; glumes rounded, felted, white ; grain white, 
short and very humped in shape ; straw strong and xunk. 

To this class belong Pamharin from Quetta ; a sample named Madar 
khiiuhkdha ; Spin wheat from Pishin ; and two umianied samples from Quetta ; 
Spin wheat from Hindubagh, Upper Zhob ; jSpm ghammi and Kali ghanam 
from Chaman, Quetta-Pishin and four samples from Mach. Wheats belo]iging 
to tliis class were also found as admixtures in Kamar ghanam and Godewoda 
wlioat from Chaman, Quetta-Pishin and in Kamar wheat from Pishin. 

Baluchistan Class XXIX. Ears with very short, white awns ; glumes 
rounded, felted, white ; grain white, in shape very much humped ; straw 
strong. 
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’\!i> tiiLs rlas^ Turki wliejit und aii uimamcd saiuplc Ii-om, 'Nu-sliki. 

Oliagyi ; Turl'i. wiiaai; iVotii jJulbandiii, Ohagai and live samples luiiniid tSulottiou 
razi, Iki/i razi ^hah<U'rzL K/iudu dmtarzi, and Katndr ; Spin wheat l.rem iliiulu- 
b%hMJ])j)e.i’ Zh()b ; and (//noinm timii Bhalii'ig, Bibi. 

Baluehisfilu (hiss XXX. Eai's witJi, small tips, often black : gliinu'.s 
felted, wliite. roumlod ; grain white, nonual in shape. 

To this class belong (Ihul (jharinm from Fort Sandeman, Lower Zliob ; 
,6'p'Li. kmhdni. from Kila Saifulla, ITpjier Zhob ; wheat from lh>ri, 

Loralai ; and similar wheats occnirred as admixtures in Scmi gh mi mu fromlhoL 
Loralai ; in >SV^/. //7no/r/w from Fort Sandeman, Lower Zhob, and in a sample 
from Mach. 

it is diffioiilt to say whether these two Classes XXIX and XXX should 
be assigned to var. meridionak Kcke. or to var. Imumpcrmwm. Kcke., tlmt is 
whether the wheats should be considered liearded or beai'illess, 

var. memim Al. 

Baluchistan Glass XXXL Ears small with small glumes, sonuwvhai 
lax, fully bearded ; awns blacjk ; glumes smootJi, red Avith a good deal of black; 
grain red, small ; straw someAvhat weak. All tire specimens f(H!eived were 
immature which would jjoint to this being a late kind. 

To this class belong Uhiroh from Kech, Makran ; a.nd X/h// dns fr(mi 
Dalbandiu, Chagai. A siuiilur wheat also f ecu rred in DHliifuk from Nnshki. 
Cliagai. 

vay. Jernigineum AI. 

Baluchistan Class XXXll. Ears large, medium in hmgth, l)oid, lax, 
.'ally bearded; glumes brownish red. shiny: grain ]»ale red. large, plump : 
itraw weak to moderately strong. 

To tJiis class belong X'dm glimiam from Duld, L<»rahu and similar wheats 
cniirrcd as admixtures in Spin, ghmum from Sanjawi, Loralai ; ^piii glimimti 
I’om Kila Hailulla, Upper Zhoi> ; Kahavi or Bnpd' wheat from Sibi ; W'dm 
dieat from Dluidar. Eaclihi. Kalat ; Radi and /.d/, 7c/ wheat from Burk ham 
loralai ; Bup'i from Xasirabad. Bibi : in a samjile from Kohlu, Bib! ; in Bour 
kanmn from Bhahrig, Bibi ; Dakga-k wheat from Nnshki, Chagai, : Bpin ghamtm 
i\d Sdi'a ghmumi from Bori, Loralai. 
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Baiucliistau Class XXXIIL Ears smaller and loss bold an<l lax iluiii in 
Glass XXXIl, Iiilly bearded, awns red ; ghmies sniootli, pale rod witl! a])lnisli 
bloom ; grain medium sized, smaller than in Class XXXIl and a. paler red iu 
colour. 

To tliivS clasvs belongs Surglimiam from Kakar Kliorasan. Leaver Zhob and 
similar wheats occurred as admixtures in Spin ghatmn and Sara- i/lKCiiaw 
from Pishin ; in kJmsJiMha wheat from Chunmn, Quetta-Pishin ; in Tor 
ijJmmim from Fort Bandeman, Low^er Zhob ; in a sample named J^alomoii 
mzi ajid in fonr samples Ironi Mach. 

Baluchistan Class XXXIV. Ears thin, lax. medium in length, bearded 
but aw3\s short, awns red ; glumes slightly rounded, smooth, reddish brown ; 
grain somewhat dark red. 

Wheats belonging to this class were found as admixtures in Pamharin 
wheat from Quetta ; Dahak wdieat from Panjgiir, Makran and in two 
samples from Mach. 

Baluchistan Class XXXV. Ears short, small, thin, bearded, with very 
short awns ; glumes rounded, smooth, reddish brown ; grain pale red. 

Wheats belonging to this class were found as admixtures in Kmmr wheat 
from Pishin, in a sample named Mxidar khushkdha and in three samples from 
■ Mach. 

v-AV. erythvleM^^^ Kcke. 

Baluchistan Class XXXVI. Ears medium in length and density, fully 
bearded, awns red ; glumes smooth, brownish red with a bluish bloom ; grain 
wliite, somewhat long, normal in shape. 

To this iK'longs Bujri from the Xasirabad and Sibi ia/mls, Sibi and Spin 
ylianam from Haujawi, Loralai. Similar wdieats were also found as admixtures 
in Thori wheat from Nasirahad, Sihi and in Sam (jhanwm from Duki, 
Loralai. 

Baluchistan Class XXXVII. Ears medium in density, fully bearded, 
aw'us red; glume.s slightly rounded, smooth, pale red with a bluish bloom ; 
grain white with a distinct hump ; straw strong. To tins class belong three 
sani])les from Mach and similar wheats 'were found as admixtures hi Kumar 
and Spin wheats from Pishin ; in an unnamed sample from (,)netta ; in Sur 
(/hanam, from Kakar Khorasan, howe'er Zhob and in four samples trom Maeli. 

Baluchistan Class XXXVIII. Ears medium in length and density, fully 
boarded, a,wns red ; glumes smooth, brownish red with no bluish bloom ; 
grain white, somewhat humped. 
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To tliis })cluRg Wcii'ti wheat from Dhaclar, Kachlii, Kalut ; lUah wh(‘;!t. 
from .Durkhan, Loraiai ; Urhmi wheat from Musa XChel, Loralai ami .siniiiar 
wheats bciougiug t(> f.liis class were found as admixtures in a. sani])J(^ Iroin 
Koldu. Ki])i : in Hpui (jhauum- from Kila Saifulla, lij>per Zlioh ; in LfujIiKf. 
Spin (jhatiaDL and Ndro phamm, from Bori, Loralai ; in Toda and l*<vHdHinii 
wheats from Quetta; in Xo/drL wheat from Barkhan, .Loralai; in Ihfliipik 
wheat from Nushki, Chagai and in two samples named Aladar khnshkt'dui 
a nd B(di razi. 

Baluchistan Class XXXIX. Ears somewhat lax, bearded but. awjis vm’y 
short ; glumes somewhat rounded, smooth, brown with a bluish bloom : grain 
wdiite not humped. 

To this belong Pamharin wheat from Quetta and seven unnamed .samples 
from Mach, similar wheats occurred as admixtures in two other .samples from 
Mach. 

var. c/ 7 ///wuspefWM//>('- ,K 

Baluchi.st.an Clmss XL. Ears lax, very bold, fully bearded but ivwn.s more, 
spreading than in the next tw'o classes ; glumes .smootli, w'hite ; grain dark 
red, somewhat large, short and humped ; straw very sti-ong. 

To this class belong Surbaj wdieat from Quetta, and one .sample of Spin 
ghanam from Kakar Khorasan, Zhob. Similar wheats were fouml u.s admix- 
tures in Spin ghamnh fj’om riindubagh, Upper Zliob ; and in llirei^ .sam|th's 
of Spin ghanani from Kakar Khorasdn. Lower Zhob. 

Baluchistan Class XLL Kars less bold tliau in Class XL ])nt larger ilmu 
in Class XLli, lax; awns less spreading tliaii in Ckus XL ))u1, .sliHer ami 
shorter tlain in XLll ; cliatl smooth, w-liite; grain fairly ]arg(>. dark red. 
liimiped ; straw moderately .strojig, no pink <a»Iour, 

To this class belong Baor ghmmn from )SluiImg, Sibi ; two .samples from 
Kohlu, yibi ; A7aw/a<. and kbudikdba wiieat frojn Chaman, (v)m'.tta,-'Pi,shjji ; Pphi 
ghanam from Duki. larralai ; Para ghanam from Bori, Loralai; Zh.ha wlu'al 
from Milsa Klicl, Loralai ; Xo/.Xi from Barkhan, Loralai; Dahgak wheal 
from Dalhandin. Cluigai and Balnjak wdicat from Nushki. (Lagai. Similai- 
w'lieat.s wau'o found as admixtures iu Spin ghanam from Sliahrig, Silti ; in Kanatr. 
Spilt, Uodewoda and Sarmaid wheats from Cliaman, Quetta-Bi.sli.i)i ; in Sara- 
ghanam from Hanjawi, Loraiai ; iu Lmjhar from Bori, Loralai: in V risen 
from Musa Khel, Loralai ; in Rodi from Barkhan, Loraiai : in Siah das and 
Tnrki wdieats from Dalhandin, Cluigai and in u samjde. of wliit.e wl)(‘aj fi’cmi 
Nushki, Chagai. 
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T^ahiclnstAn Class XLlI. Ears medium in donsitA^ slcuuler, boarded witli 
long, rather weak awns; cbafi smooth, white, botl). awns and cdv)ff having a 
pinkish tinge ; grain small, pale red, not humped ; stra\v weak, pink in colour, 
turning black on ripening. 

To this ohms belong ^ra ghanmn from Kila iSaifnlla, Upper Zhob ; /SVn 
(jhmam from Tlindubagh, Upper Zhob ; d'm fjhmiam from Fort Sandeman, 
Lowin' Zhob; 7??/p'/from Nasirabad, Sibi ; RodToda IVoin Quetta. Quetta -Pishin ; 
]V(U'H from Dluklar, Kachhi, Kalat ; 77/ or? from Gandava, Kachhi, Kalat ; 
Dahal- and Shukir dancJan from Paujgur, Makrau, Kalat. Similar wlieats 
were found in some samples of kS??^V? from Nasirabad, Sibi; in Wdrv from 
(jandava, Kachhi, Kalat ; in Pamhari}i and white Toda from Quetta, and 
Ohd f/hanam from Eort Sandeinan, Lower Zhob. 

Balnchistan Class XLIII. Ears fully bearded but awns sliortor than in 
Class XLIl whereas tlie ears are longer and very lax; glumes smootli, white; 
grain long, d,a.rk red ; straw not pink. 

Wheats belonging to this class were found as admixtures in some samples r 
named SaJmnan ra-zi, Bad razi, Shaderzi, Kamar and Kkiida dadarzi which | 
all tuime from the same locality. ; 

Baluchistdn Class XLIV, Ears fully bearded, longer and laxer than in ' 
Class XLIl ; grahi hnmped, light red, small. | 

To this cluvSH belong four unnamed samples from Maclr, Kwnm' wheat ; 
from Pisliin, Qnetta-Pishin and similar wheats occur as admixtures in six ? 
sampl<3s from Mach, m Sf in wheat from Pisliin and in an unnamed sample * 
from Quetta, Quetta-Pishiu. 

Sdm wheat from Pkshiii is very similar to the wheats in this class luit 
has pink straw. 

var. graemm Kcke. 

Baluchistan Class XLV. Ears medium to lax, fully beardofl ; glumes 
white, smooth ; grain rvhite. 

To this class belong Sfin ghanam ham Kakar Khorasan, Lower Zliol) ; 
Sunnani wheat from Chaman, Quetta-Pisliin ; Spin glianam from Duki, 
Loralai ; Dholi wheat from Barkhan, Loralai ; white Toda wheat from Quetta, 
Quetta -Pishin and similar wheats wore found as admixtiiros in Bnjri from 
Nasirabad, Sibi ; in Oodewodu, Kamar gJianmn, Klmuhhdha gliamm and Spin 
ghinam from Chaman, Quetta-Pishin ; in Sm ghannm from Tlimluluigh, and Kila 
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Baifiilla, Uppn Zlio!) : in jiii nimrtmed StTmple fToiu Tvohlu, Ribi ; iiwS7/H/'?o’ 
i’r<nn Panjgur. 'M'abr/ui : in Sam gMnmn tvom Vum, Lnralai ; i)i Sam 
jlhmum b'oni Riuijawi, LoraJui, ; in Zi'dia wbeat. from Miisa K,li.e], .lanalai : in 
Litkhi -whc-Axt IViMu Rjirkhan, .Loralui ; in Puwhcmn ami U'd Toda wln^at s fiom 
(linotta ; in ii from Dlradar, Kjicbliij Kalat ; in Spin, /u/.H?o.j’,‘i.n(l *sVfyvf wln'ata 
from Pisliin ; in tAvo nnnarncd ,sam])les from Quetta ; in 'Dahiak wlu'at. fr(!ni 
Nushki, C'luigai ; in nine samples from Maoli ; in a .sam]>l(^ lunued M(uhit' 
k/iiishkdha and in some samjdes named Saloinan razi, Bali razi, S/ia/i<frn:i and 
Kynidf. wliicli all caane from the same locality. 

var. pyrothrix A\. 

Baluchistan Class XLVI. Ears medium to long, in density medium 
to lax ; beardless with very shcirt tips ; glumes felted, reddish brown : grain 
small, short, somewhat rounded, pale rod ; straw strcmg. 

Wheats belonging to this class were found a,s admixtina's in T/iori and 
PhviuTm wheats from Naslrabad, Sibi ; in Lai rcff from Ribi (ahsil, Ribi : in BaJ 
wheat from Dhadar, Kahit ; and in TJiofi and Warn wheats from Cand.{i\'n, 
Kachhi, Kahit. 

Baluehistan Class XLVII. Ears short, medium to la.x. <init(‘ Ix'inalless ; 
glumes red with a slight bluish bloom; grain short, sonnAvliut rounded, red ; 
straw pink, tinaihig l>lack on ripening. Wli oats belonging to t-liis e.la^H were 
found as admixtures in five samples from Mach. 

var. Deljii Kcke. 

Baluchistan Class XLVII I, Ears medium to long, medium iudoiisil y 
beardless with, small tips ; glumes felte<l red with a. bluisli bloom ; grain 
short, small, soniowliat rounded, white and generally soft. 

To this (‘lass 1)elong Thori wbeat fnun Nasmibad, Ribi ; Lai Biii fn/in 
>Sibi lalift'/k Ribi ; Baj wlumt from Dhtidar, Kahit : IVdni wheaf. fi-om Cainiavu. 
Kachhi. Kahit and similar wheats were found as admixtures in Pkinahii and 
Bujri wlieats from Nasnabad, Rilii ; in Borji wlieat from Ribi (ahsii Ribi and 
in three samples from Mach. 

Baluchistan Glass XLIX. Ears short, dense, almost like those in 7’. row/- 
■paclmn, flattened, with, a fan-shaped apex, beardless with sluwt^ tijKS ; glnim^.s 
felted,, roddisb. brown with no bloom ; grain white. 

To this class belong three samples from Mach a,nd a similar wlnait 
found a,s an admixturii in Phumlui wheal, from Naairabtid, Ribi, 
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var. vehdinum ScliiibL 

Baluchistan Class L. Ears medium to long and medium to den.so, board- 
less with manj- short tips; glumes felted, white ; grains small, round, pahi 
red. soft. 

Wlieat belonging to this class was found as an admixture in Thori wlveat 
fi.'om Nasirabad, Sibi. 

p 

Baluchistan Class LI. Ears medium to long and medium to dense, quite 
beardless ; glumes felted, white ; grain somewhat small and short, humped, 
red. 

Wheats belonging to this class were found as admixtures in Tlori udieat 
from IsTasirabad, vSibi and in Tliovi wheat from Gandava, Kachhi, Kalat. 

Baluchistdn Class LII. Ears short to medium in length, medium to dense, 
beardless or with a few small tips ; glumes felted and ver)?' white ; grain pale 
red ; straw pink. 

WHieats belonging to this class were found as adnrixtures in eight samples 
from Mach. 

leucospermum Kcke. 

Baluchistan Class LIII, Ears bold and large, dense with fan-shaped 
apex, flattened, quite beardless or with tiny tips ; glumes felted, white ; grain 
very siiort and small but not humped, white; straw extremely strong and 
probably pink. 

To this class belongs Reli tmm Bhadar, Kachhi, KaJat and Tmki from 
Nushki, Cliagai. A similar wheat was found as an admixture in Wdru froin 
Gandava, Kachhi, Kalat. 

Baluchistan Class LIV. Ears medium in length and density, beardless 
or with very small tips ; glumes not rounded, felted, white; grain short, 
small but not humped, white ; straw fairly strong, pink. 

To this class belong five samples from Mach and similar wheats were also 
found in three other samples. 

Baluchistan Class LV, Ears with well-marked, short tips ; glumes some- 
what sharply keeled, felted, white ; grain white, longer than in Class LIV ; 
straw thin, not pink. 

Wheats belonging to this class were found as admixtures in Tlio-ri and 
Phundni wheats from Nasfrahad, Sibi, and in Thori wheat from Gandava, 
ivjudihi, Kahit, 
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\ra,r. mUfiirmn AI. 

Biilufihistati Class LVL Eiirs medium to dense, beardless exoe])t lor 
sliort ti])s ; glumes smooth, red; grain, very pale red; straw stnmg. 

Wheats holongitig to tliis class were found in Wd/m and T/mn wlieai:; 
from Gandava, Kaclihi, Ixahit ; a/iid in two samples from Macdi. 

Baluchistan Class LV.f.L Ears dense, flattened, apex tends to lx; fan- 
shaped, beardless with very distinct tips ; grain very small, light laal ; si raw 
strong. . , i 

A wheat belonging to this class was found as an admixture in Thmi wheat 
from Nasirabad, Sibi. 

var. albonibmm Kcke. 

Balucliistan Class LVIII. Ears long, medium to dense, beardless with 
somewhat long ti])s ; glumes smooth, red with a slight bluish, Idoom ; grain 
small, short., somewhat rounded but not Immped, white ; straw nuidinm, pink. 

/lo/o wheat from Kecdi, Makran belongs to this class and similnr wlmat s 
were found as admixtures in. Thori ami B/e/rf wheats from .Nasii-ibad, Kibi ; 
in Bdj wheat from Dhadar, Kachhi, .Kalat ; in Warn wlioiit fr<nti Gamhiva, 
Kachhi, .Kalat, and in Lai rdi wheat from Bibi lahmL Biln. 

A wheat occurring a.s an admixture in tlireo samples from Madii ]n’obaJ.il}'‘ 
also belongs to this class but the grain appears sliglitly longer. 

Baluchistan Class LIX. Ears short and dense witli a fan-shaped a p<^x, 
flattened, beardless witli distinct tips ; glumes pale red with, a slight bluish 
bloom; grain shoit, small, somewliat round but not humped, wlii<.<' ; straw 
thin to medium. 

Phauhii wheat from Nasi'rabad, Sibi, belongs to this chiss and similar 
wheats belonging to tliis class were found a,s admixtures in Thnri and Hajri 
wheat from Nasiiabad, Sibi. 

Baluchistan Class .L.X, Bars lax, beardless with short tips; ginmes 
rounded, smooth, brownish red; grain sinall, somewhat Immped, not roundt'd, 
white. 

A wlieat belonging to tliis cla,ss was found as an admixture in a sam|>lo 
from Mach. 

var. Udescem Al. 

i Baluchistan Class LXI. Bars short, medium in density with short, tips ; 
glumes smooth, wliite ; grain shoii;, smair not humped, light nM : straw 
pink. 
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Wlioats bcOdugiugto this class were found as adniixtiiTes in Tlwri, Phnuhri 
iiiid Bujri wheats from Nasirabad, Sihi ; in Kumlm and UBm-h wheats from 
.Mhsa KheL Lornlai ; in Tlmri from Gandava, Kachlii. Kahit, and insix samples 
[ram i\facli. 

var, alhidmn Ai . 

Pialiichistan Class LXII. Ears medium to lax. beardless witli distinot 
tips ; glumes smooth, uhite ; grain white : straw thin, pink. 

To this class belong 27iorf w^heat from Nasirabad, Sibi, and an unnamed 
sample [rom Mach. 

Wheats belonging to this class were found as admixtures in Bvjri and 
PJmndni wheats from Nasirabad, Sihi ; in Thori wheat from Gandava, Kachhi. 
Kalat ; in six samples from Mach and in Ghaf ghanam from Fort Sandeman, 
Lower Zhob. 

Baluchistan Class LXTII. Ears dense and very bold, beardless, apex, 
fan-shaped ; glumes white, smooth ; grain very small a,nd round, white ; | 
straw pink and very strong. I 

A wlieat belonging to this class was found as an admixture in Peli wheat | 
from Dhadar, Kal<4t. ! 

Baluchistan Class LXIV. Ears den.se and very short, not bold, beardless, 
a,pex fan-sha.ped ; glumes smooth, white ; grain medium in size, not rounded, ^ 
white; straw thin. I 

To this class belongs Kimdai wheat from Musa, Khel, Loralai, ; 

III. THE WHEATS IN EACH DISTRICT. i 

SIBI. 

This District adjoins the Punjab and certain of the lahsib TQSQmhle in 
climate and physical aspects the neighbouring parts of Sind. The District 
is a large one, 11,281 sq. miles, but only a third of this is directly administered, 
the rest being under political control only. Great variations in altitude occur. 
The Sibi and Nasirabad tahsUs which abut on Sind form a level plain, never 
above 500 feet in altitude. The remainder of the District consist, s of 
mountainous country with high mountains and narrow valleys, of which the 
]>rincipal are the Harnai valley (56 miles long by 6 miles broad), the Kacli 
Viilh'.y (4 miles long by 1 mile broad) and the Kowas and Ziarat valleys. 

'File climate naturally varies with the altitude. The highlands resemldo 
the other places of high elevation in Baluchistan and enjoy a cool summer 

■ ■■ 3 ''.. 
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but a vftvy o,(4cl wiutcT, with their greatest rainfall in the winter mouths. The 
■plains of Bilh iUK,! NasiTabad have a very long, exces.si.vely hot sunimer, ami 
a very scanty rainfall, whicli occurs mostly in July and August. I’lie Bliahrig 
/o/osv7, whi(4i lias an elevation of 2,300 — 4,500 feet is intermediate in (4imate. 
The amount of precipitation varies with tlie altitude, Tlio averagi^ rainlall 
at Bhahrig is 11 '51, at Kach 11 ’Or). at Sihi 4 ‘95, and at llahar Kach (VOO im-lu's. 

The only large rivers are the Nari and its tributaries. The permanent 
water of this river is made available for irrigation purposes in Ribi by nutans 
of a masonry regulator erected at Nari gorge in 1904. This replaced the 
temporar}’' dams which used to he constantly wasliod away by floods. 

Irrigated cultivation predominates ; out of a total of 298 villages, 198 
are completely secured by irrigation and only 12 are ipiite unirrigatod. Two 
canals, the Begari canal and the Desert or Sliahiwa canal, both from tlie Diver 
Indus, supply Na-^irabad. About 90 per cent, of the cultivation in this 
is dependent on the canals, which are generally lilled in June and closed in 
January. The water is oithei carried on to the land by gravitation or lifted 
by a Persian wheel . In the Blnihrig lalidl, springs are tbo main source of wnf.er 
but a certain number of Hrezes also exist. In Kiiblu, most of the cultivation 
is carried out on flood irrigation. A few kdrhe^ are also found in this locality. 

A much larger variety of crops can be grown in this Disirict than in many 
parts of the Agency, and wheat does not therefore oiicnpy .so ])rominent a 
position. In the Sibi iMh 1 3,5 1 5 acres out of 37.7 1 7 acres were under wlieat 
in 1901-05, in Shdhrig 5.793 acres out of 9,777 acres and in Nasmibad 2,050 
acres out of 83,739. 

In the Sibi and )ShtiUrig (ahsih, wheat is generally grown on irrigated land 
only, but it may also be grown as a dry crop if the rainfall is ('.xeeptionally 
good. In Nasirabad. very little is grown and in Kohlu it Is usually grown as 
an unirrigated crop. 

Manure is commonly used in the Bhahrig Uthsil, and tlie land is often 
improved by adding the ashes of the burnt stubble of wheat and rice. Wheal, 
and rice are grown in alternate years or successively for two or three years, 
ov j'uar may follow wlieat in which case the land reipiires a fallow. In other 
parts, mauuro is not so much used and, instead, the land is allowed to li<^ fallow 
for one or more years. In Kohlu, one year fallows are common, while in 
Nasirabad the land may remain uncropped for two or three years, in the 
Sibi iahil, the custom varies in diflerent jiarts. Tliere may be two crojis in 
three year's or one crop in three year's or even one (;rop in five years. 
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In t,lie plains, wheat is sown in irrigated landvS in October and Nfivember 
and reaped in Apihl. In the valleys of high elevation, the land is ploughed 
in the spring and summer and watered in October, When tlie laud has dried 
sufficiently, the seed is scattered broadcast and ploughed in. The second 
watering is given fifteen days after germination, the third about the niiddle 
of January and the fourth at the beginning of March. After this the wheat 
is irrigated every ten or fifteen days. 


The average yield of wheat in maunds per acre is as follows : — 



Nasiuabai) 

SiBI 

Shahbjo 

Kohlu 

Land ii riga ted and 
manured 

18-9 


13-4 to 
‘21-4 

” ■ ■ ■ ; ■ 

Land irrigated but not 
manured 

17-5 

12-5 

- 

19 

Dry crop land 

- 


l,3-6 

14-5 


Nasirdhdd tahsU. 

I. Thori. Seven samples of this wheat from seven difiereni. villages 
were sent. It is said to be growm for export and to be the best wheat in the 
District. The name 7'7/on signifies bald or without awais. The samples w’ere 
very mixed and the main constituent w^as not the same in each. It would 
appear therefore that Thori is not a variety but a group of wheats which 
resemble one another in being beardless and in having white grain. In three 
samples, the chief constituent w^as a beardless wheat wdth red, felted glumes, 
in two samples a beardless w’heat wuth smooth, white chaff and one sample 
had equal quantities of these two. One sample was too unripe and damaged 
to examine. 

1. Thori from the viUage of GandaMa. There were no less than ten 
different wheats in this sample. The main constituent was a beardless wheat 
with red, felted chaff and white grain (var. Delfii Kcke. Class XL VIII). 

2. Thori from, the village of Khuladad. This sample contained eight 
different w'^heats. A beardless w^heat with smooth, wtoe chaff, white 
grain and pink straw was present to the largest extent (var. albkhmi Al. 
Class LXII). 

3. Thori from the ^nllage of Dadpur. Ahowt two -thirds of the sample 
consisted of a beardless wheat with red, felted chaff and white grain 
(var. Delfii Kcke. Class XL VIII)- There were five other wheats present, 



THE WHEATS OF BALUCHISTAN 


1. Thori from flie milage of Marijhipur. About one-tliircrof iiliis Haoi])lo 
(lousistod <t1' tilu?. beardless, sniootli. wliite-cdiad'cd Avheat (var. albidiiw Al. 
(1a.ss lj.Xn.) and one-third of the beardless, felted, red-clialfed wheat 
{v&v. I)e(yrf Kobe, (hass XLViri). About .oiie-sixth consisted of a beard- 
less wheat with, light red, smooth chaff, white grain aud pink straw 
(va,r. alhoruhnm. Kcke. Class LVIII), and another sixth of a similar wbeaf. 
with no pink colour in the straw and with fan -shaped apices on the ears 
(var. alhnrahnmi Kcke. Class LIX). Three other wheats were present in 
small quantity. 

b. Tliori from ike village of Bheeran, This wns a fairly pure sample 
of tlu'! beardless wlieat with red, felted chaff and white grain (var. Deljii Kclce. 
('lass XljVni). Three other wheats were present in small quantity. 

f), Tkori from ike 'milage of Leliri Domki. This was a fairly pure sample 
of the fjeardless wheat with smooth, white chaff (var. alhidnm Al. (hiss l^XIl). 
hour other wheats were present. 

The following impurities w’-ere present 

(i) A beardless wheat with long ears, smooth, red cliaff. wliite grain and 
pink straw (var. alharahrmm. Kcke. Class LVIT.T) in sanqxb^s 1, *2, 2. 5 and d. 

(ii) A similar wheat without pink straw and with short, dense ears witli 
fan-shaped apices (var. alhorulmrm Kcke. Class LIX) in samples 1, 2, 3 and 1 

(iii) A beardless wheat with rounded, snuxddi, white glumes, and .small 
rod grain (var, laiemms Al. Class LXT) in .samples 1, 2, 2 and 0. 

(iv) A beardless wheat with white, felted, cliaff and wliite grain 
(var, leucortperm.‘a7}i Kcke, Class LV) in samples 2 and <>. 

(v) A beardless W'heat with dense ears, smooth, red glumes and .small, 
bright red grain (var. mili'urmn Al. Class LVTI) in samph^ 1. 

(vi) A beardless wheat with small tips, white, felted glumes and .small, 
Xialo red grain (var. velulinmn fSchubl. Class L) in sample I. 

(sdi) A similar wheat with quite bear(U(^.ss ears (var. vil'Ulmmn Bcliiibl. 
Class LI) in .sample 2. 

(viii) \ beardlo,ss wlieat with feltetl, rcul glunuw and red grain 
(var. pjrolhix Al. Class Xl^VI) in samples 1 . 3. 4 and 5, 

(ix) A fully bearded wheat with smooth, white glumes a,ud wliif.e graiu 
(var. Kcke, (llass XLV). 

(x) A fully bearded wheat with smooth, red glume, s aud wlut<i grniu 
(var. eryih'oleucon Kcke. C'lass XXXVI) in sample.s 1 aud 3, 
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(xi) A fuily b(^a]'dcd wheat witli Avlut.ci, felted gluiiios and white grain 
(vai-. iuet'idfoiHde Kcke. Olaas XXVI) in sample 3 , 

(xii) A bearded wheat with black awns, felted, greyish white eliafl: and 
pale red grain (var. Al. Class XX). 

(xiii) A bearded wheat mth short, dense ears, red, felted, roimded glumes 
and red grain (var. Z)cw6af06wAl. Class XW) ill sample 1. 

II . Phundni. This is said to be very similar to TJiori and is quite a s good 
in quality. It is generally exported and has the same market value as Than. 
Irrigated land is used for the cultivation. Only one sample of this wheat was 
received. The ears are beardless and dense with fan-shaped apices. The 
chaif is smooth, light red with a bluish bloom and the grain is white. The 
straw is pink, turning black on ripening (var, iilhombrum K^hd. Class LIX). 
There rvere also present in fair quantity, as impurities, two beardless wheats 
with red, felted chaff and white grain (var. Delfii Kcke. Class XLVIII and 
Class XLIX), and in small quantity a similar wheat with red grain {var. pjro- 
iJifix Al. Class XLVI) ; a beardless rvheat with smooth, white chaff and white 
grain (var. albidum AL Class LXIl) ; a similar wheat with red gi’aiii 

luiescem AL Class LXI) ; and a beardless wheat wdth white, densely felted 
chaff and white grain (var. lemosfemmm AL Class LV). 

III. Bujri. This variety is considered to be of inferior quality and is 
cheaper than Thori or Phundni. Six samples were received very different in 
composition. “ Bujri ” which means “ bearded is the name of a group 
of wheats rather than of any particular variety. 

Ill three samples, the main constituent ivas a fully bearded wheat witli 
smooth, red glumes and Avhite grain, in one sample it was a similar wheat 
with white chaff. One sample was a mixture in equal jiarts of a bearded wheat 
with smooth, white chaff and white grain, and of a similar wheat ivith red grain. 
The sixth sample was a mixture of all these four wheats. 

1. Bujri from, the village of Khanpur. This sample was a mixture of 

two beuj'ded wheats with smooth, white chaff, the one with white grain 
(var. graecAim Kcke. Class XLV), the other with red grain (var. erg- 
fhrospermimi Kcke. Class XLII). There was only one impurity- a bearded 
wheat with black awns; white, felted glumes and red grain (var. fuMgmomm AL 
Glass, XX). , , , 

2 . Bujri from the village of Dheerau. Almost the whole of this sanqile 
consisted of a bearded wheat with large, lax ears, smooth, red glumes, white 
grain and strong straw (var. erythroleucon Kcke. Class XXXVI). There were 
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proMotit as ini])iii‘ities in small (juantity the two constituents of sani})lo. 1 and 
.1 bcuided wlioat with rod. l,<3lted glunies and white grain (var. hircinwi Kcike. 
Class XVT). 

3. Ihi jn from the vm(i(jiu>fBhad pur , One-third of this sample consisted 
of the same wheat as in i, one-third of a bearded wheat with black awns, 
greyish white, felted chaff and red grain (var. Al. Class XX), 
nne-sixth of a bearded wheat with smooth, white chaff and white grain 
(var. Kcke. Class XLV), and one-sixth of a similar wheat with red 

grain (var. erythrospemmn Kcke. Class XLII). There was also a small 
quantity of a bearded wlieat with smooth, red glumes and red grain 
(A’ar.yer;v/r//ac?w? Al. Class XXXI I). 

'1. Kiijri from Hie riUm/e of (hrln Mir MiihmmJ. Tlm-c-qmirtBi-s of 
tliis suinplo ooiisistccl of a fully Ijcavilod wheat with lax oara, smooth, white 
gUimes, dark rod grain and rveuk, pink .straw whioh turns black on ripeni.nr 
(var. en,tl,ro«i,er,iuim Kcko. (.Hass XUI). The rest of the sample wa.s composed 
»1 a boarded wheat with white, felted glumes, strong str.sw and rod grain 
■ (var. Hoshunmn Clem. Class XXI). 

5. B,ifrifromtheviUm,eofKlmh,M. This was a vevv mi.xod sample, no 
less tlian nine wheats l.oiug present. About half the samjile was compnaml of 
the hoarded wheat with smooth, red ghuuoa and white grain found in sample a 
(var. enjllmilmrim Kokc. Class X.YXVJ). The two main constituents of 
sample 1 formed each about ono-tifth of the sample (var. Kcke. 

Class XL^’) and (var. i;r!//lio.ipmiiiim Kcke. Class XLIJ). 'I’iuire were also 
present m small (piantity a bearded, wheat with white, felted glumes and rid 
grain (var. Tloelmium Clem. Class XX.1): a .similar wheat with white orain 
(yar. merulmmk Kcko. Class XXVI) ; a boarded wheat with .smooth, red 
glumes and red grain (var. frmujincum Al. (!|as.s XXXIJ) ; a hoardlcss wheat 
with red, felted glumes and white grain (var. MJii Kcko. Cltts,s XLVJII) ■ two 
beardless wheat with smooth, red glumes and white gmiu (yar. idimnibnm Kcke. 
Class L\ JH ami Class LIX) ; a beardless wheat with smooth, white <dumes 
and white grain (var. uUiiifim^ Al. Class LXll). 

0 . IJtijri from the villmjc. of Faisiibml. This resemhled sample 5 . 

Sibi tafml. 

Tw(> samples were received from tins tahdl. 

IV. kuham or Bajn. This is a bearded wheat, with smooth, red <‘.haff 
and white grain (vor. eri/lhrolcniwn Kcko. Class XXXVI), similar to some of the 
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^‘uuplos ol iroiu Nasirabad, There were also present as iiujuirities iji 

small <|nantity a similar Avheat with red grain (var. ferruguieu'in. Al. 
Class XXXII) ; a bearded wheat with red, densely felted chaS and wliite grain 
(vai, turcioum Kcke. Class XA'); and a beardless wheat with red, felted cha ll 
and white grain (var. Delfii Class X LVTTT) 

F. Lai relL This is a beardless wheat with red, felted glumes and 
white grain (var. Deljii Kcke. Class XLATO). There were also present in small 
quantity a similar wheat with red grain pyrothrix Al. Class XL AT) and a 
beardless wheat with smooth, red chaff and white grain (var. alhoruhnim Kcke 
Class LAail). 

Kohlu isah-fahsU. 

Two samples were sent from this locality, one grown on irrigated and the 
other on unirrigated land. There is no distinctive name for this wheat. 

VI. Sample A, grown on irrigaied Itmd. The sample was mainly com- 
posed of a bearded wheat with smooth, white glumes and red" grain 
(var, eryth-ospermwm Kcke. Class XLIl). Two other wheats were present as 
impurities: a bearded wheat with smooth, white clipjf and white grain 
(var. graecum Kcke. Class XL V) and a bearded wheat with smooth, dark red 
chal! and white grain (var. ergthroleucon Kcke. Glass XXXATII). 

VII. Sample B, grown on wnvrrigaletl kmd. This consisted of a mixture 
in equal parts of the main constituent of sample A and of a bearded wheat 
withsmooth, bright red chalf and red grain {YM.ferrugtneum Al. Class XXXIL) 

Shahrig tah.sU. 

Three samples wore received from this taJidl. 

VIII. Spin ghanam, lasidm\ starchy white wheat or Balu Ah', sandy 

wheat- It is only grown on irrigated land. This sample w'as a mixture in 
equal parts of a rivet wheat and a common wheat. The rivet wheat had 
smooth, white glumes with a peculiar ridge on the outer glumes and large, 
plump, white grain (var. nemauseme AVittm. Class III). Tlie other con- 
stituent was a bearded wheat with smocth, white chalf and red grain 
(var. Kcke. Class XLII). 

IX. Spin ghanam, Be lasidar, white wheat without starch. This is a 
bearded wheat with short awns, very rounded, greyish- white, felted glumes 
and white grain. The straw is very strong almost solid (var. meridionale Kcke. 
Class XXIX). 
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X. t^oor red w}i(3a1}. This variety is grown both, on irrigjited 

and unirrigated land. The ears are bearded, the ohalli smooth a,i>d wiiite 
and tlie grain red (var, erijUu'ospenmvm Ivekc. Class Xhll). Two wheats we, re, 
present in small quantities a.s impurities, a bearded wheat with r(‘-tl. I’elte.d 
glumes and w^hitc grain (var. lurcimm Kcke. Class XV) and a. bearded who.ai 
with smooth, red cliaii' and red grahi {viir. ferniyineum AI. Class XXX 11). 

BOLAN PASS. 

This District includes the Boliin Pass proper and the lands occu])i<Ml by 
the Mushkaii-Bolan and Quotta-Niishki Railways. It forms a. long, narrow 
strip of country (JO miles long with a cliangc in altitude from KJ;) feth at tin*, 
southern end (Rindli) to 5,703 feet at the upper <‘.nd (.Dhast). Idui l)ist,ri<'t is 
mountainous with long, narrow valleys and of the 000 atjuaja'. miles cmly a 
very small portion is cultivable. 

The climate varies with the altitude ; the suiuukw is extrenu'Jy hot in the 
lower parts of the Pass ajid the winter vauy s<',vere above, Madi. .V strong 
north wind blows constantly but is stronge.st in .lannary, I^Vbruary and Mareb 
causing damage to the wJieat crop. Th<‘. average raiid'all in tlui n]>]M'.r j)arl 
of the valley is 7’(i4 inches Avhich falls mainly between Deeamiber and iMareh 
at Pauerband, on the other iiand, most of the rain, fails in the summer months 
and the average annual rainfall is i iuehes. The enltivat<al. area li«w mainly 
in the lower two-thirds of the valley, in tlui valleys a, ml (hits betwe.im the. 
mountains, and the rainfall at Ihinir rcprescn.ts that of these are, as. 

The irrigated laud lies <‘hicliy rouml Rindli, Kirta, Kundalam, Bibi 
Nani, Pishi and in the bod of the river between Maeli ami Kolpur w]ii]<‘. the 
dry crop lands are principally at Takaii, T<>ba., Pancrba.ud, Sahibdad Thai, 
Ghirak ai\d Zamuri. idie Bolan River witli its springs and tln^ Mach hill 
torrent are the main .sources of waiter, Tlie irrigated area, at Kirta is about, 
3,135 acres, at Rindli 27 acres and at Macii 7 aeves while the dry e.rop area 
is alxmt 800 acres. 

Tlie spring harvest on irrigated land which c.oiistitidre.s a.t about 58 
per cent, of the whole cultivation consists mainly of wluait. No |•(!(;ords of 
the outturn are available. The dry e.rop land is generally tiiuler whe.at it 
the raiulall is sutUcient. Tlie time of sowing varies witii t,he ail.itude. On 
irrigated laud the seed is sown broadcast between October and Deemubir. 
It is eithei sown in the dry laml and then wa,tere,d or tlie. land is wat.ercal 
lir,st ami then sown. If possible it is watered a, gain as soon as it has 
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540.1.' in, inutuM.1 and then at intervals of about twenty days. It is cropped in 
Januiiry j'or 1 ;(hMoi.' and liarvested in early May. 

Tile following is tbe description given in the Bolan Gazetteer of tlio 
varieties grown: 

Tlie wheat sown in the District is of seven varieties : hdrkhami the seed 
of which, as the name implies, was originally imported from Barkhan in the 
Loralai District alx.iut the year 1885 ; tahnalo, a new variety impoi'ted from 
Narmuk about 1901. the grain of which is larger a,nd thicker than that of 
hdrhliami ; the indigenous variety ; rUi, a kind introduced from India 

since tlic opening of the railway ; sangsila introduced from the Bugti country ; 
kdrh ud also known as 'pazlimi, ^ white variety, the seed of which has 
l.)oen imported from Marav in Sarawan ; and ivdru. a red wheat also said to be 
iudii^euoiis. Wd/ru is an inferior sort and is now seldom cultivated. Bar- 
khcmii and tahnalo are now (1905) most popular.” 

.A, very large number of samples were received from the Bolan but un- 
fortunately none of them were labelled, and it is therefore impossible to identify, 
them with the varieties mentioned above. The samples were soniewhat 
unlike the other Baluchistan wheats and seemed to foim a separate group. 
Many had pink sti’aw and very rounded glumes. The ears on the whole were 
thin and very lax. 

The twenty-three samples received belonged to seven dilferent types. 
(Tills refers only to the bulk of the sample and not to the wheats present as 
accidental impurities.) 

Three samples belonged to var. merkUonale Kcke. Class XXVIII (ears 
partly, bearded ; glumes white, felted, rounded; grain white, short and very 
humped). 

1, L Five-sixths of the bundle belonged to the above class 

and there were present in Biuall quantities; as accidental impurities, a fully 
bearded wheat with, white, felted glumes, red grain and pink straw 
(var. Ho.'ilunuiin, Clem. Class XXIII) ; a fully bearded wheat with smooth, 
Avhite chafT. wliilu; grain and pink straw' (var. gmecum Kcke. Class XIjV) 
a.nd a purlJy bearded wdieat with smooth, red chaff and wliitc grain 
(var. enjtholeacon iveke, Cla,ss XXXIX). 

2. S(un})l(‘ .9. Three-quarters of the bimdle belonged to Class XX\']J] 
and there were', four other rvheats present as impurities : a fully ])earded 
w'heaf with wliite, lelted glumes and red grain (var. Hostmrmn ('lem. 
Class XXIi) ; a fully bearded w^heat AAUth smooth, ’white chaff and red grain 
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(v;ir. (irtjlhi'osi)oiimim Kcke. Class XLIV) ; a wimilat wlicat witli wliiic jjjiaiti 
{\‘dT. ijrnecum, Kcko. Class XL V) and one car of a beardless wlieal with sinootli. 
red clialT. and white grain (var. alhomhnm Kcdcc. Class LX). 

3. Sample 3. Three-quarters of the sample belonged to Class XXMK 
and there wei e present in small quantity a fully bearded wheat with whitcj 
felted chaff and red grain (var. Hosliamm. Clem. Class XXIll) ; a fully bearded 
wheat with sniootln white chaff and white grain (var. graeemi Kcke. 
Class XLV) and a similar wheat with red grain (var. eryihrospmmmi Kcke. 
Class XLIV). 

Nine samples (Nos. -1 — 12) belonged to var. enjlhroleuvoa- Kcke. (boarded 
wheats with snuxq.h, red glumes and white grain) and (»f tlui.se. f.hree samjih'.s 
(L band G) belonged to Class XXXVll (cars fully bearded, grain with distiuci 
hump) and six belonged to Cias.s XXXIX (ears partly bearded, grain Avithout. 
a hump). 

1. 5. SampJcfi I (oul 6 were very nearly pure but iu both samples tlu're 
A\'a.s a .small (puuitity of a fully bearded wheat with .smooth, red. chaff and red 
grain (var. fernufimuyn Al. Cla.ss XXXIII): and in .sample 5 there wene also 
small cpuintitie.s of a fully bearded wheat with red, felted chaff ami. red grain 
(var. harharoum Al. (.lla.ss XIV), as well as of a fully bearded wheat with smooth, 
white chuff and wdiitc graiii (var. yraecim Kcke. (.tla.s.s XLV). 

0. In Sample 6'. three-quarters of the sanqde bclM'.gcd to (lass XXX Vi.!, 
and the following wheats Avere jn-esent iu small quantities ; a bearded wheat 
Avith Avhite. felted glumes, Avhito aAvns and rod grain (Auir. lloadaumn (1cm. 
Class XXni) ; a bearded Avheat, \Aith .smootli Avhite glumes and red gjuin 
(A'-ar. erylliwapermim Kcke. Cla.ss XLIV) ; a bearded Avheat aaIiIi simndli,. 
wliitc glumes and Aehito grain (A'ur. (jmeciim, Kcke, Class X.LV) ; a. beardless 
Avheat with rod, felted glumes and white grain (Auir. Delfii Kcke. (Jla.s.s XL VII 1) ; 
a beardless AAdi(3at Avith white, felted glumes and rod grain 
(A^ar. L'dnlinum Schiibl. Cla.ss L.I1) ; a beardlc.ss A\'heat Avith fcltetl, Avhitt^ 
glumes and white grain (var. kucospermum Kcke. Class LJV), and the 
same Avheat belonging to var. Jerrwjimum Al. Cla.ss XXX.fll, which Avas 
present in samples I and 5. 

7, 8, 0 . In the samples belonging to (Jla.ss XXXIX, sample 1) AVa.s <{uit<3 
pure and samx>les 7 and 8 practically so, oiily single ear.s (ff a ])aTtly bearded 
Avhoat Avith .smooth, red gluiroM and rod grain (var. fcrrmjincim Al. 
Class XXXV) being found in them. 

10. In Sample JO, seven-eighths belonged to Cla.s.s XXXIX and tlui 
following wheats were xu’esent iu small quantities : a wheat similar to sami)I(!H 
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4, o and <) ; a bcardetl wheat with red, felted glume, s ajid red gicdu 
(var, harbaromt Al Class XIIJ.) ; a similar wheat with white grain 
(var. (iircicimi Kcke. Class XVII) and the same wheat belonging to 
vi\,v.fer^'(i(/meumA.L Class XXXV which was present in samples 7 and 8. 

1 1 . Sample 11 was almost j)ure but a few ears of the following were 
present ; a bearded wheat wdbh smooth, red glumes and red grain 
(var. ferrugimum Al. Class XXXIV) ; a partly bearded wheat with felted, red 
cliatf and wh'te grain (var. turcicwm Kcke. Glass XVII) ; a fully bearded 
wheat with white, felted chaff and white grain (var. merUlimmle Kcke. 
Class XXVII), and a partly bearded wheat with white, felted chaff and 
white grain (var. ?nmdi<mnle Kcke. Class XXX). 

12. In Sample 12 seven-eighths of the bundle belonged to the type 
and the following wheats were present in small quantities : a wheat similar 
to samples 4, 5 and 0, a partly bearded wheat with smooth, red glumes and 
white grain ferruginemn k\. Class XXXIV') ; a fully bearded wheat with 
white, smooth chaH and white grain (var. gmecimi Kcke. Class XL\' ) ; a similar 
w'heat with red grain (var. ergthrospermum Kcke. Glass XLIV) ; a fully bearded 
wheat with white, felted chaff; and red grain (var. Hoedan um Clem. Class XXII), 
and a jiartly bearded wlieat with white, felted chaff and red grain 
(var. Hodiamim Clem. Class XXIV), 

Three samples belonged to var. ergihvoepermum Kcke. Class XLIV (ears 
bearded, long and lax ; chaff smooth, white ; grain red). All the three 
samples wore very mixed and less than half belonged to the type. 

13. In Sample 13, about half was true to type, and about one- quarter 
consisted of a somewhat similar wlieat but witli white grain, strong straw and 
lax, bold heads (var. graecum Kcke. Cla.ss XLV). There were also present 
in fair quantity : a fully bearded wheat with white, felted chaff and red 
grain (var. Hoslianum Clem. Class XXII) and the wheat of which samples 
4, 5 and 0 consisted. A very small quantity of a fully bearded wheat with 
rod, smooth chaff and red grain (var. ferrugineUm Al. Cla,ss XXXIII) was 
also found. 

14. In Sample 14, only one-third of the sample reirernbled the typO) 
while one-quarter consisted, as in sample 13, of a somewhat similar wheat with 
white grain, stronger straw and larger ears (va-r. graecum Kcke. Class XLV). 
The same three impurities occurred in this sample as in sample 12 and in 
addition a small quantity of a fully bearded wheat with white, felted chah; 
and wliite grain (var. meridionale Kcke. Class XXVlI). 
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15. ^Sainplc- 16 cojisistcd of tliree wlieat.s in about; wjual (|ua.uti{iK\s : 
tlio bcarcb^l wheat with smooth, wJiite cliah’ suul red, grain (va.r. 
c.i'tjihwspenmm Kcko. Class XLIV) which foriuod the bulk ol’ sa.mjdes b'l 
and 1-1 ; the somewhat similar wheat with white grain, stronger straw and 
larger cars (var. gmecum Kcke. Class XLV), whicdi formed the. chief impurity 
in tho.se samples, and a partly bearded wheat with white, felted clialf ami 
white grain (var. moruUonale .Kcke. Class XXVIll). There was also ])resout 
in very small quantity a fully bearded wheat with felted, white cbaJI and I'ed 
grain (var. Clein. Class XXII). 

Two sa.mples IG and 17 bolojiged to vaj*. Ddfil Kcke. (lass XldX 
(beai'dless wheats with short, dense ears: (eltcd. red gluuu^s and wJiite 
grain). 

IG. Seven-eighths of Hdniplc 16 resembled the ty])e. : the remaimbu’ 
consisted mostly of a similar wlieat with rod grain (var. p/froihrix Al. 
Class XLVII), Inhere were also ])r(ise.nt in small (juat\tity two bc'a.rdless 
wheats with smooth, red chalT ; one with red grain (var. willNnwh Al. 
Class LVT) and the other witli white grain (var. (ilboruhrNVt Kcke. 
Class LVIU). 

17. Samph 17 was very mixed and (‘.o-utained no less than nine ilistiimt 
wheats. One-third of tlu^ bundle resembled the typcn oue-cpuu'ter the main 
impurity of sample IG and one-quarter c.omisted of a Ix'ardless wheat witli 
smooth, red cha If aiul white grain (var. ulboruhruw Kcke. Class L VII I ). Thert^ 
were also present in .small (juaiitity tlu‘. following wheats : a. bearded wln3u't 
with smooth, red chatT and red grain (var. niilfHniw Al. ('lass lA'J); a 
beardless wheat with smooth, white cha IT aJid white grain (var. (tlbidum- Al, 
Class LXII) : a beardless wheat with white, felted eliaif and whi(.(3 grain 
(var. lencoiipe)''mum Kcke. (.lass LIV) ; a similar wlieat with red grain 
(var. vclulimun Schubl, Class .LI I), and two beartbid wheat.s (one fully 
bearded and one partly bearded) with smooth, ri^d chalT and white, grain 
(var, enjihmhuiwi Kcke. Classes XXXVII and XXXIX). 

18, 19, *20. 2 L Four samples consisted mainly of a }){‘a,rdh3.ss wln3al 

with white, felted chalf, white gi-iiiu and pink straw (var. Iciu-o.spvr'unim Keke, 
Class LIV). Seven-eighths of the samples 18 and 19 eonsiste-d of this type 
and niue-teuths of the samples 29 and 21 but only oue-third of sample 
21 which was very mixed. The f(dlowiug wheats were ])resent as inipuritii^s 
in all live samples ; a. ))ea.rdle,ss wheat witJi felted, white glunuis a,n.d red grain 
(var. wdwtdiMW iSchtibl. (:lass .Lll) ; a ^^b^ wheat with snmoth, viiito, 
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cliafi’ and wliito grain (var. nlhifhmi Al. Class LXII) : a beardless wheat with 
smooth, red chafl: and white grain (var. albomhrim Keke, Class TjX). Tn 
samples 19 and 22 there w^as also present a beardless wheat with felted, red 
glumes and red grain (var. pyrolhrix Al. Class XLVII). A beardless wheat 
with smooth, red glumes and white grain (vai\ Kcdce. Class LVTII) 

was present only in sample 20, 

22, Sample 22 which was very mixed contained in addition to the above 
impurities two wheats, a beardless wheat wdth red, felted glumes and white 
grain (var. Belfii Kcke. Class XLVIII) and a bearded wheat with smo(^th. 
white glumes and red grain (var. eryilirmpexmmn Kcke. Class XLIV). 

28. Sample 23 was exceedingly mixed and itwas difficult to know' which 
w'as the main constituent. One-sixth of the sample consisted of a beardless 
w'heat with smooth, wdiite chaff and wdiite grain (var. alhidmn Al. Class LXII) : 
one-sixth coiuisted of a bearded wdieat with smooth, wiiite chaff and red grain 
(var. eryllirofepermum Kcke. Class XLIV) : one-sixth consisted of a beardless 
wdieat with white, felted chaff and white grain (var^ leucosjjerm-um Kcke. 
Class LIV). There w^ere also present, in fair quantity, a similar wheat with 
red grain (var. I’cbdimm Schiibl. Class LII) ; a fully bearded wdieat with 
white, felted chaff and red grain (var. Hodiamm Clem. Class XXIII) and a 
beardless wdieat with smooth, wdiite chaff and red grain (var. lutescenn Al. 
Class LX) ; in small quantity a beardless wheat with felted, red cha:ff and red 
grain (var, pyrolhix AL Class XLVII) and a similar wdieat wdth wdiite grain 
(var. Belfii Kcke, Class XLVIII). 

QUETTA-PISHIN. 

The Quetta -Pish in District is one of the best irrigated Districts in Balu- 
chistan and lias therefore the largest cultivated area. It lies centrally in the 
highland part of Baluchistan with an area of 5,127 square miles. The general 
character of the District is mountainous witli long, narrow valleys. All the 
valleys are flat plains, 4 to 20 miles in wddtli, with pebbly slopes rising to the 
mountains. Tlie Pishin plain is the largest of the valleys and others of im- 
portance are Loe Toba, the Quetta valley, tlie Aghbarg valley, and the GwAl 
valley. 

Generally speaking, the climate is fairly uniform over the wdiole District 
bnf: varies somewdiat wdth the altitude. In Toba, the seasons begin a montli 
later than in Quetta wdiile Pishin and Chaman are decidedly warmer. The 
winter is very cold, wdth snow and biting cold winds, wdiile the summer is hot 
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at (.'lianiaii and Pi.sliin. moderately hot at Quetta and cool at Toha. Tlio 
a vta'age temperatarea of Ohamaii and Quetta are shown in the following tabh' - 
January May July November 

^tUition, AUihitie Menu, Diurnal Mean, Diurnal Mean. Diurnal Mean. Diurnal 

range. range- range- range- 

Ohaman 4.:Ul' 43-2 18-1 79-6 27-4 88-S 26-G ")7’G 24'r> 

giietta a, 502' 40'0 21-8 67 vS 314 78-7 27-9 4«*7 32-7 

The temperatures of Pishin lie between those of Cliainan and Quetta. 

The rainfall is irregular and occurs mostly in the winter. It is due to 
.storms from the Persian plateau and may consist <>f either lain or snow. Most 
of. the rnin and siUiW falls in January and Fohinary but the storms vary in 
numher and period from year to year. It is more important that there should 
be good snow than go()d rain as the, rain runs oil the slopes very quickly in the 
form of fhtods and does iiot benefit the kdreze,^. s})rings and streams as much 
as the suow. Moreover, the vapour tension of snow being lower than that 
of water, the siu'w protects the land from drying. The average annual rain- 
fall ill Quetta is 10*52 inches, in Pishin 8*60, and in dhaman just over 7 iuehes. 

The whole District is very liable to strong winds- - ( 'ha man was repoited 
to have calm weather at 8 a.m. on only twelve days in the whole year. 

There are two rivers with many tributaries, the Kadanai wliich drains the 
Toha plateau and flows into Afghanistan and the Pi.shin Lora which, with its 
tributaries, waters the renin inder of the District and passes into Phagai. The 
water of the main stream of the Kadanai is salt and is said to be injurious to 
crops. It is, however, raiseil by earthen dams in somcs parts and used for 
irrigation purposes. The Tashrobat, a tribnfary of the Kadanai, wif:h its 
own tributarie.sthe Jilja, He, sauna, Gwal, and Zemal supplies most of the 
water for the irrigated area on the Toha plateau. This consists <>{ ])atches 
along tlie hanks of stream.s on the skirts of the hills. 

In the Chaman Subdivision, the main cultivated tracts are Loe Toba, 
Tahiiia and the Sahara, the plain round the town of Chaman. Mo.st of tins 
is dry crop cultivation, buttliere are patches of irrigated cultivation near 
springs and streams and in ravines. In Pishin there are large d.ry <‘,rop areas 
in the level plain itself and tracts of land irrigated by thi’i Governimmt canal 
of Shebo and the Kushdil Khan Reservoir and by kdreze.<t, spiings and streams. 
In the Barshor tract, where water is abundant, mo.st of the cultivation is carried 
out on terraced fields. In the, Quetta tah-sil, both dry crop cultivation and irri- 
gation from karhe-o;, spring, s and streams are found. In 19()'2~05 in the two 
/a/i.sf/.s of Quetta and Pishin, the irrigated area represented 51 per cent, of 
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tlie total cultivable area and 68 per cent, of the area actually cailtivated 
{2.07,317 acres). 

Wheat is the most important crop grown and forms almost tlie whole 
of the spring harvest. The method of growing it as a dry crop varies in the 
different parts of the District. In Quetta, the lands are embanked and are 
filled with flood wRter when available, either in late summer or in winter. 
The land is then ploughed and sowm. Good summer rain is necessary to fill 
the embankments, if a satisfactory yield is to be obtained ; later sowing results 
both in a diminished yield and in a smaller proportion of straw. In Pishin 
and Toba, the land is not embanked and sowing only takes place after rain. 
In some parts of Quetta and Pishin, the land is prepared in September and 
October, the seed sown in the dry ground and left until the next lain causes 
it to germinate. In all cases, the yield on dry crop lands depends on good 
spring rains. Dry crop lands are not manured and are generally cultivated 
every year. The yield is about five maunds an acre. Sowing for dry crop 
wheat may be continued into the spring, especially in Toba. 

Irrigated lands are usually only cultivated every second or third year. 
This is probably connected wuth the aeration of the land. Under the system 
of continual watering in vogue, the laud becomes very compacted, and no 
aeration is possible. Dry crop land, on the other hand, which is not irrigated 
and in which aeration can take place is cultivated every year. In the neigh- 
bourhood of Quetta, the wdieat land is generally heavily manured. The irri- 
gated land is ploughed twice during the fallow^ once in the spring and once 
in June. It is watered i)i September ; the seed is sown broadcast and then 
ploughed in. The first watering takes place forty days after sowung, the second 
about the last week in December, and the third at the end of Pebruary. The 
fourth wintering is not given till the middle of April and after this the crop is 
\vatered regularly at intervals of ten to fifteen days. Plarvest takes place in 
June and July according to the locality. The yield on irrigated, manured 
land varies from 1.5 to 25 maunds and in irrigated, unmanured land from 10 
to 16 maunds per acre. 

The follow'ing account of the varieties of ^vheat grown is given in the 
Quetta-Pishin (jrtsef/eer 

‘‘ The w’-heat grown in the District is of two kinds, called respectively 
da ffdra ghmiam and da faiida glianam; each kind in its turn consists of a w^hite 
and red variety, locally knowm as sfin and siir ghamm. The seed of the 
fidm spin glianam (winter white wheat) is said to have been originally imported 
from Garmsel in Afghanistan, wJrile the red variety is- said to be indigenous 
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to Qiu^tta. Tho Hoofl of tlio (mula (summer or liot) wlioai;, )){jth wliite ntu’l, red. 
was imported From Sliorawak in Aftfliauistan : hence it is also called shommdn 
(jhtmtmi. K<a‘ their own coosumption, the people prefer the r<>d wheal . hut 
the white is much grown because it fetches the best price of all. Winter 
(.stt/Y«) Avlioat ripens in about nine months and /awrio- in a little more than half 
that period.” . 

Eighteen samples of wheat were received from the Quetta -Pishi'n District, 
eigk! from the Quetta »Suh-di vision, seven from the Chaman 8iih-division, 
and throe from Pishm. 

Qnefta 

1. Pumharh. a. white wheat with a whii(i s])ike. This wheal, is .said 
to grown botli. on irrigated land and as a dry (‘To]>. 8<mie (»f i.he crop is 
used for food and the rest sold. As a rule, the cultivators ]>refe.r a I’ed-graiued 
wheat for their own use but white wheats fetch a higher juice. This is a 
h<3arded wheat witii very rounded, white, densely felted ghinn's with white 
gtain (var. meridhmde Kcke. Class XXVin). There was also jjresf^nt as an 
imjmrity a. similar wheat wdth red grain (var. HoslUnvicm Plem. Class XX 1 11 ) 
and one ear of a fully bearded wheat with; smooth, white (dialT and red grain 
(val^ cry/Z/fo.s^jcm^/w Kcke, (Hass XIJI). 

The above sample was from, irrigated land ; another sample was sent 
from IdiHshhUm land which was not so pnre. One-third of tlie bundle was 
the true Pnmharin wheat, one-third consisted of a bearded wheat with sniootlu 
wliite chaff and white grain (var. graeemn Kcke. Class XLV). and th (3 rest' 
was composed of the two wheats present as impurities above. 

2. Pamburm. a white wheat with a red spike. This is also grown liot h 
on irrigated and dry crop lands. It is a wheat with sh.ort awns and small 
heads, smooth, rcddisli brown chaff and white grain (vai'. rrylhrofrucon K<-km 
(.Hass XXXIX). About one-fifth of the sample consisted of a somewliat siinila i- 
Avheat but with fully Irearded ears aud larger grain (var. vnjfh'oU Krdo', 
Class XXXVIII). There was also present in small (jiiantity a wlicat 
similar to the type Imt with red grain (va.r, Jenugmvumi Al. (Hass XXXl'V). 




a clieaper wheat than either of the two Pamhai'h,^ 
food. It is grown on. irrigated land, 
lieads and spreading a, wns. white, 
st.r‘aw (var. erylhrosfermwin Kcke. 
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4. Toda. A red wheat with a white spike irom Shorawak. 33o{h. (kis 
and the white Toda (sample 5) mature with very little water, and if tliere are 
no early rains and cultivation is done late in the season, then about live-sixths 
of the wliole hfmshMha area is put under these two wheats. This is a bearded 
wheat with smooth, white chafl; and red grain (var. erytlirofijmmmn Kcke. 
Class XLII). There wore also present, as impurities a similar wheat with 
white grain, the white Toda (var. graecmn Kcke. Class XLV) and a bearded 
wheat with smooth, red chaff and white grain (var. erytJiroleucon Kckc. 
Class XXXVIII). 

5. Toda. A white wheat with a white spike from Shorawak. This 
is similar to the red Toda but has a white gi:ain (var. gmecvm Kcke. 
Class XLV). There were also present as iinx^urities in small quantity : some 
red Toda ; a bearded wheat with black awns, white, felted chaff an, d red grain 
(var. fuliginmmn Al. Class XIX) ; a bearded wheat witli white, densely felted 
chaff and white grain (var. mendionale Kcke. Class XXVI) and a similar 
wheat with red grain (var. Hostiamm Clem. Class XXI). 

0. Skutr dandan (shaped like a earners tooth). This is very rarely 
growir and always only in very sniall quantity on irrigated land. It is not 
ground into hour but is parched and chewed. No sample was sent so that no 
identification was possible. 

Both Pamhanns aird Surhaj are said to be more liable to rust than the two 
Toda wheats, but whether this is really true or whether it is due to the fact 
that rust is generally less on the IdnishMha lands on which the Toda wheats 
are grown it is difficult to say. 

Two other unnamed samples were received from Quetta. They resembled 
in every f articular sjnn wheat from Pishiu. 

7, Unnamed sanvple, prohahly spin wheal. Three-ipiaiters of the bundle 

consisted of a wheat with lax ears, short awiis, rounded glumes and white 
grain (var, mendionale Kcke. Class XXVIII). Nearly a quarter of the sample 
consisted of the fully bearded, smooth, red chaffed wheat with red giain 
(var. erylhro.^iermum Kcke, Class XLIV). There were also present in very 
small quantity a wheat similar to the last but with white chaff and white 
grain (var. graecim Kcke. Class XLV) ; a bearded wheat with felted, white 
chaff and red grain (var, Hosiianum Clem. Class XXIII), and a fully bearded 
wheat with smooth, red chaff and white grain (var.. mendionale Kckc. 
Class XXXVII). : . 

8. An unnamed sampde probably spin. Three-quarters of the sample 
resembled spin wheat from Pishiu (var. mendionale Kcke. Class XXVIII) 

i-' 



and there were present a,s iinpurities : a fully htnivded wlieat with white, loUed 
ohalT and red t^rain {var, Honi'nmuw Clem. Class XXI IJ); a. fully bearded 
wheat with smooth, white ehatf and rod grain {viir. cnjlhrof^pommH Keke. 
Class XLII), and a similar wheat with wldte grain (var. gracnim K{dfe, 
Class XLV). 


Ohamm, Suh-division, 

9. Kali ghanam. This is grown on irrigated land and is said to ]>e rarely 
attacked by rust. Tt is a common wheat with square heads and much round(Hl 
glumes. The chafi; is white and felted a,nd the grain white. The bearding 
was difficult to determine. There a,ppoared t(» be e.very siage l)t'tw<u‘,n 
almost beardles's ears to ])ea,rded (var. werulhnale Keke. (lass XXXTIT). 
There were also present as impurities a similar wheat with red grain 
(var. Hnsh'aumn Clem. Clas.s XXT) and a bearded wheat with smooth, while 
ehafl! and red grain (var. enidn'oapprmiim Kcke. Chass XLI). 

10. Kmnai' (white and red seed mixed). This is also grown on irrigated 
land. Most of the sample consisted of a bearded wheat with slmrply keehui 
glumes, white, densely felted c-hafT and white grain (var. mcrhliomU Kidvcn 
Class XXVT). There w''aR also present a fair fiuantity of a similar wheat but 
very slightly bearded and with very rounded glumes (var. imrldiamla XidvC. 
Class XXVITI). Other impurities were : a boarded wlu^at with sluut awns, 
white, felted chaff and red grain {v'<u\fali(pumam Al. (ila,ss X VIJI) ; a beanled 
wheat with smooth, -white glumes and red grain (var. cri/lhi'nfippmimi Kc'he. 
Class XLII) ; a similar wiicat with, white grain (var. grafrimi lvek(\ 
Class XLV), and a slightly bearded wheat with rtninded, white, d(ms<iy felled 
glumes and red grain (var. Ilosliamim Clem. Cia s XXV). It will se<‘n 
that though tlie sample w’as labelled white, and red grain the numher of led 
grained ears was very small and did not form more thai\ 5 per cent, of the 
whole. Kama)' wdieat is said to be rarely attacked by rust. 

11. SiinnaiiL This wheat is growm. mostly in Toha on hotli irrigated 
aiKl uuhrigated land. It is said to be very liable to rust. Threc-(iuarter.s 
of the sample consisted of a boarded wheat with, small euis, smooth, 
white chafi', white grain and weak straw (var. gramm. Kcknx Class X!i\'). 
The rest of i,he sample c.onsisted of a similar wheat witli red grain 
(var. eryOirnspcrmmn ICcke. CO ass XLII). 

,12. Khoolrn is grown both on irrigated and unirrigated land and is faiiiy 
rust -resistant. It is a bearded wheat with smooth, wiiife chaiV and red grain 
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(var. erijfli/mpfnnmn Kcke. (.'lass XLII). There were ]\a impuritieK in 
sample. 

13. (jodeworla. This kind is grown only on irrigated land and is said 
to be very liable to rust. It is difficult to know which of the ooiistiiiuuits 
of this sample is the real godeivodn. About half the ears re.sembled the sample 
(d Kali ghauam (var. meridirmah Kcke. Class XXVIIT) and about half 
consisted of a fully bearded wheat with smooth, white chaff and red grain 
(var. ergtlirosimmn'm Kcke. Class XLII). There were also present iir very 
small cpiantity a fully bearded wheat with white, felted glumes and red grain 
(var. Hoslianum Clem. Class XXIII) and a bearded wheat with smooth, 
rvhite chaff and white grain (var. gmeemn Kcke. Class XLV). 

11. Spin ghanaw,. This kind is only grown on irrigated land and is 
fairly rust-resistant. It is a slightly bearded wheat with white, densely 
felted chaff, white grain and very rounded glumes. The straw is fairly strong 
(var. meridionede. Kcke. Class XXVITI). There were also present as impurities 
a fully bearded wheat with white, densely felted chafl’ and white grain 
(var. meridionfde Kcke, Class XXYI) •. a bearded wheat with smooth, white 
chaff and red grain (var. erytkroHpcwnm Kcke. Class XLI) and a bearded 
wheat with smooth, white chaff and white grain (var, graeeimi Kcke, 
Class XLV). 

15. KhusMdba gJiariam, wheat from unirrigated land. This sample 
consisted mainly of a fully bearded wheat with smooth, wliite chaff and red 
grain (var, erijih'ospermnm Kcke. Class XLII). There wore also present a 
similar wheat with red grain (var, fernigineum Al. Class XXXIII) and a 
bearded wheat with smooth, white chaif and white grain (var. gracm.m Kcke, 
Class XLV.) 

Pidim tfdml. 

16. Spin (white wheat). This kind is grown on irrigated land. The 
grain is used as food by the wealthy classes or is sold. This sample wa.s very 
mixed, about one-half consisted of a wheat with medium to lax ears, very 
short awns, roimdod glumes, white humped grain and strong straw 
(var, maridiomde Kcke. Class XXVIII). There was also a fair CLUantity of a 
very similar wheat but with longer awns, weak straw and sharply keeled 
glumes (var. merkUonale Kcke, Ola.ss XXVII). A large part of the sample 
(about one-third) consisted of a fully bearded wheat with smooth, white chaff 
and red grain (var. eriithwspevmnni Kcke. Class XLIV). There were also 
present as impurities but in small quantity a wheat similar t o the last but 
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witli wliitc grain (var, graemm Kcke. Class XLV) ; a fully heauU'fl wIkmU. wil li 
sninotli, red eliafY and white gi’aiii (var. eyyfhrohucoii Kcke, Class XX\dl,!) : 
a similar wheat witli red grain {va,r. fernif/hinmi Xl. Chiss XXX fll). iiiid a 
wheat with partly bearded ears, rounded glumes, felted, white clialT and red 
grain (var. ffos/mnwm Clem. Class XXIII). 

17. Kmnar (white and red). This is also grown on irrigated land. 

The sample consisted of a mixture in almost equal paits of a. fnlly bearded 
wheat with smooth., white chaff and red grain (var. erijihroi^pcnmm Keke, 
Class XLIV) and a white wheat exactly like the main cf)nstila.iont of 
There, was also present in fair quantity the wheat resembling l^yUi Init willi 
longer awns and sharply keeled glunies (var. mcndmuilv Keke. Class XXVI 1). 
Thu.s the samples i)J: Kamar and contained the .same three c,o)istitncnl s 
but in varying proportions. There were also ])res(mt as inipurilb^s in small 
quantity: a fully bearded wheat with smooth, white elialT and white giaii\ 
(var. gracemn Keke. Class XLV) ; a fully bearded wheat with whiti‘. I'e.ited 
chaff and red grain (var. Clem. Cla,.ss XXI 11); a fully beanled 

wheat with red, smooth chaff and wlii.1,ft grain (var. (‘njlhmlemv}! Kekii. 
Class XXXYII), and a similar wheat with red grain (var. J'vn'ugiHvnw \\> 
Class XXXV). 

18. Sam. Tliis is grown on MmhMba land only and is nstid by tin; 

poorer people. It is the fully bearded wheat with snuiotli chalT, Te<l grain 
and weak, pink straw (var. cn/Z/oYw^m/irm (llass XldV), which, forms 

one of the constituents of both .^pin aiid kmnar. Tli(*.re w<a'e also ])rc.st‘nt, as iin- 
puritios in small quantity a similar wheat with w^hite grabi (var. gmrrmn Ki.ke. 
Class XLV); a bearded wheat wdtli smooth, red glumes and rc«l grain 
{v&v , fcrnujincum AL Class XXXIII), and a fully ])eard(al wlnait with fcltctl 
glumes and round, rod grain (var. Eosliammi Clem. Class XX 1 11). 

A sample of wdieat labelled Muilar Miushkdba was roceivtsl frcun an vtu- 
kaowu district. This resembled the spin wdieat of Pishin so (‘losely that it is 
probable it came from the (Juetta-Pishln District. 

19. Mmlar khmhkdha. Tliree-cpiarters of th.e sam-i;)le (unisistiMl of 
spin wheat (var. meridionale Keke. Class XX'VIll), and t.luus^ wcis' •jirtssmil. 
in fair quantity a somewhat similar wheat but fully bcaishul and wit.imut 
rounded glumes (var, mmdionala Keke. Cla.ss XXVI) and a fully b(fa,rdcd 
wheat with smooth, w’^liite chaff and rod grain (var. (‘i'glhmsprmmn Keke. 
Class XLII). There w^ne also present in .small quautity a. fully la-ardt^d 
wheat with smooth, rod chaff and white grain (var, (ryffirolnmm Keke. 
Class XXXVIII); a fully bearded wheat with smootJi, wiut(‘. ohalfnud \vhit(! 
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giaiu (var. gmecum Koke. Class XLV), and a fully boarded wheat with red 
olia-n; and white grain (var. femigineum AL Class XXXV). 

LORALAI. 

Loralai is a crescent -shaped District bounded on the north by Zhob, 
on the west by Sibi, and on the east by Dera Ghazi Khan and Dera Ismail 
Khan. The District has an area of 7,999 square miles. It is moiuitainoiis 
with long, narrow valleys between the mountain ranges. The chief valleys 
are the Bon valley on the north which runs east and west with a length of 
80 miles and a breadth of only 8 miles, the Sahra which lies in the north-east, 
the Barldian valley in the south-east and the Karcha valley between the 
Barklian valley and Dera Ghazi Khan. In the south-western and central 
portions of the District, lie a series of plains of which the most important is 
Thai Chotiali which is so level and flat that it is said to have the appearance 
of an inland sea. 

Ihe climate varies with the altitude. In the west, the summer is cool 
and tlie winter intensely cold, while in the south and east the heat in summer is 
great and the temperature generally is more uniform. 

There is no monsoon and the rainfall is small, 8-21 inches at Loralai 
and 6-75 at Duki, but in contrast with the greater part of Baluchistan the 
greatest rainfall occurs in the summer, except on the west. 

As in Zho b, there are many rivers of which the Anambar and its tributaries 
are ^ the largest. Many of the streams are used for irrigation. Springs and 
IMzes^ are also common, the former occur mostly in Sanjawi faJisil, the latter 
in Bori. Dry crop cultivation is carried on both by flood irrigation in embanked 
fields and on rainfall only. The most important flood streams are the Anambar 
and Thai streams in the Duki taJisU. 


^ Tlio following estimate was made in 1904-05 of the area under these 
various forms of irrigation : — 
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Flood irrigation ... 
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I 29 
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45 

55 

35 

65 
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Wheat IS the most important crop in the District ; in Sanjawi 2,230 acres 
out of 4.,] 1,5 acres cultivated were in wheat, in Bori 11,003 acres out of 15,4'3L 


THE WHEATS OF JiALTJOHlSTAN 


Two iiietliods () 1 ! cultivatiug wheats <m irrigaied laud an^ pra<'i ised. In 
the Hi-«i ease, llie land is i>huiglied during tlio spring and snnuue.r a flan- ra m. 
{■-ho land is manure, d in Ootobcr, andtdie seed, sown hroadeast in dry land, wliieh 
is t-hon ploughed, levelled and irrigated. In otiior part.s ol the |)ist,rie{', sindt as 
Banjawi and Duki, the land is watered helore sowing and {die seed sown by 
drill. Tlio land destined for wheat is generally well pnvparetl. a.s nuudi as ien 
ploughings being given in the Musa Kliel (ahdl. Tlio amount (tf irrigaiion 
given depends on the locality. The second watering is given a l(H‘tnigJil 
alter germination. During the tAvo winter montlis, no iriigation is re(|uir(Hl 
except in Jlarkhau, the third watering heiiig given alxnit lln* middle oi March. 
In Banjawi, Avaier is roqumal every seven {,(» ten days, in Ihiri twic.e, a month, 
and in the rest ol the District evewy fifttnm or twen{,y days. In Harkhan. 
Avlmat is Avatored throAighout the wiiite-r tAvicti a moiUdi. During the. Aviider, 
the AV'hoat crop is cropped hy goats and sheep. The linH^(d’ soAviiig am) ol 
Jiarvosting Aouies in the dilTorent htlidls. It is earlie.h in SunjaAvi and 
Bdrkhdn. . 

In dry crop cultivation, the embanked (iehls are lilhal with water, ]doiigli<al 
and smoot-hed in August and Beptemher, In some parts of Miwa Khel t.he 
land is manured. The seed is gcuerully soavu hy drill bid; if moisture, i,s 
abundant it is sometime, s soavu broadcast. 

Wheat is sometimes ail’ected hy <!old winds in llni spring, hy white, ant s 
in times of drought, by rust and by the rice-stem ca,ter]>illur Avhieh atlaeks 
the roots il too much flood water is used. 

The loIloAviiig is the average outturn of Avheat in tlm l)i.s{,ru^t : 
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The folhtwing accouiit of the variethis of wheats grown in tlie, Province 
is taken from th(^ Loralai (hizdtecr 

“ Bcversl kinds of wlieat are grown in tlie Dl’^triet. tlm most comnnm 
ones being the .spin (jhamm or Avhite. and mif/fuwamm' mi wlieat ; the former 
is cultivated in hhudikaha and the latter in irrigated land. Besides tJiese 
two varieties, two others are knoAvn in Miisa Khel. the kundi (jhumm and 
mdlav ghanam, the seed of the former having been imported from the Daman 
in the Derajat. 'rhe seed of the mdlav ghanam is said to have bemi importt^d 
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from t!io Kohat District in the North-West Frontier Province and is culti\'atcd 
in irrigated lands in the Oargoji, Nath and Gan))ar villages of tlie Drug circle.” 

Sixteen samples were received from the Loralai District. 

Diiki tahsil. 

1. Spin ghancmi, white wheat. Very little of this variety is grown and 
most of it is sold. It is grown both on irrigated and dry crop laud and is said 
to he more rust-re.sistant than the red wheat. It is a bearded wheat with WT-ak 
straw, smooth, wdute chail and white grain (var. yraecimi Kcke. Class XLV). 
About half the sample consisted of a similar wdreat with red grain 
{viiv.erythros'perm^^^^ 

2. Sara glianam. This is the' main variety of the laJidl. It is very 
liable to rust. It is a bearded wdieat with smooth, light j’ed chaff and red 
grain (\nr. ferrugineiwi Al. 01a.ss XXXII). There w'as also present a largo 
amount of a similar w’heat with a wdiite grain (var. erglhruleucon Kcke. 
Class XXXVI) ; and a small amount of a bearded w^heat wuth red, felted 
chaff and white grain (var. lurckmn Kcke. Class XV). 

3. Waddnak. This wdieat wns introduced from the Punjab and was 
only grown on a small scale as an experiment. It is the ordinary ^YuMnak 
of the Punjab (Punjab Type 1). a mac-vroni wdieat with black awns, white, 
felted glumes and w^hite grain (var. mehnopins AL Class V). 

Sanjdwt talml. 

I. Spin ghanam, white wlnnit. About one-third of the wlioat cultivated 
belongs to this variety, it is grown both on irrigated and uiiirrigatcd land. 
It is a strong-sti awed, fully bearded wdieat with smooth, bright red chaff 
and white grain (var. cnjlhroleucon, Kcke. Class XXXVl). There was also 
present a large cpiantity of a similar wheat with red grain (var. ferrnginemn A\. 
Class XXXII), a fair quantity of a bearded wheat with short, square ears, 
red, densely felted chaff and wiiitc grain (var. tnreienm Kcke. Class XV) and 
a very small quantity of a similar wheat with red grain (var. barharossa Al. 
Class XIII). 

5. Sara ghan:wm, rad wiieat. This is the chief wiioat of the tract and is 
grown on all kinds of land. It is a fully bearded wheat with thin ears, w'cak 
straw, smooth, white chaff an,d red grain (var. crythroapermum Kcke. 
Class XLI). There was also present in large quantity a similar wiieat with 
stronger straw and white grain (var. graecum Kcke. Class XLV), in smaller 
quantity a bearded wiieat with widte, densely felted chaff and red grain 
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(var. Olcni. Olai-ss XXI) and a suniiai' wJuiai wilJi .^rain 

{viii. m,<wi(Uon(.(h Kck^^. 

Bari tahsil. 

(). Lufjlim' or spin gltcmm. This variety is only eultivaied i,<> a. smaiJ. 
extent. The ears are lax with very rounded glumes and short awns, (tftiMi 
black. The cliafi; is densely felted and white and the grain is whit<‘. 
(var. meridionale Kcke. Class XXX). There wore also present a boarch'd 
wheat with white, felted chalt witli red grain (var. Al. 

Class XIX) ; a bearded wJieat with smooth, white cJialT and rod grain 
(var. m///nv>,s 7 J('maOT Kcike. Class XLl) anti a ixiardtai winuit with sinooih. 
retlchail and white grain (var. erijlhroloacon Kcke. (hiss XXXVllI). 

7. id'pin. (jhammi. About twn-thirds of llie area in wliead is tiinicr 
iJiis variety. It is very ni.st-lial)le and is grown bol-h on irrigatt'd jnul un- 
irrigated land. The oa'S are siiort, bearded with, Itlack siwus: l(i.e. gluiiu's 
are densely felted, dark red and sometimes bhiekene.d. Tlie, grain is wliit.i! 
(var. Ivrcicum Kcke. Class XV). There W'as also prt\sent in voiw small tjuantil.y 
a similar wdieat with light red grain (var. harharossci, Al. Class ,Xlll). In 
addition, two other wdieats occurri'.d in .fair (|uantity : a. beardetl wiie.at 
with smooth,, light red chalf and wiiite grain (var. vnjthrnlrin'on , Ktdio.. 
Class XXXVILI) and a similar wiieal; wit,h red grain (var. /<7T//f/bo,7/w. Al. 
Class XXXII), 

8. Bara ghauam. This variety covers about one-third of tin* area inaler 
wheat. It is more rust-icsistant than npin- ghammi. but. less so titan hghar, 
The sample was si very mixed nue. Tiie largest portion consisted of a beardtMl 
wheat with smooth, white ciuitl and red grain (vtir. crifdn-osficrthii-tn Keko. 
Class XIjI). There were also present in fair <puinfity a. wlusit tsith simi't 
awns, rounded glumes, wdiitc, felted cha.tf and rod grain (var. faligiito'-onit ,Ah 
Class XV.I.1]) ; a boarded wheat with smooth, white chalT and whit grain 
(var. graecii-m Kche. (lass XLV); a bearded wlieat witli, smooth, whit<i chalT, 
rounded glumes and red grain (vtir. eryllu'oHpcrmnm Kcke. (lass Xldl) 
and ill small (jiiaiitity : a Itearded wheat with smootJi, red cluilT and grain 
(var. ferrugiiuimn Al. Class .XXXII) ; a similar wheat with (hirk rod ckulT ami 
white grain (var. erylhrolmcon Kcke. Class XXXVIlJ);ii beanled wiiea.l wit.h 
black awns, dousoly felted, wliite chalf and white grain (var. mrridiotmlc Kcke. 
Class XXVI) ; a similar wheat witli red grain (var. J'ldigino.sHur Al. 
Class XX) and a slightly bearded wheat w'ith felted, white ehalT, rmimled 
glumes and white grain (var. nmidiomle Kcke. Class XXX). 
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Bdrhiidn taJisU, 

t). LdMi.. I'his is tJic prevailiug wlieat in this kthsil It is grown on 
both nnirrigutc^d and irrigated lands and is somewhat rust-liable. The 
cars are bearded, the chall smooth and white and the grain red 
(var, ei'ijfh'Ofi'pGrmum Kcke. Class XLI). There were also present as impurities 
in small quantities a similar wheat with white grain (var. gnteewn Kcke. 
Class XLV) ; a bearded wheat with square ears, densely felted, white chall and 
red grain (var. IloHlianum Clem. Class XXJ) ; a bearded wheat with smooth, 
red cliaft and white grain (var. eruiliroleucon Kcke. Class XXXYHI) aiid a 
similar wheat with red grain (var./errup'meum AL Class XXXIl). 

Kb Dholi. This variety is not much cultivated but can be grown on 
both ij-rigated an.d nnirrigated land. It is a bearded wheat witli smooth, 
wiute chatT, white grain and. rather w^eak straw (var. grnecum Kc‘kc. 
(lass XLV). There were no admixtures. 

II. JR.odi} Unlike tli.e lirst tw-’o varieties Bodi can only be grown 
cm irrigated laiid. It is sparingly cultivated. The ears are bearded, the chaff 
smooth and brownish red and the grain white (var. enjlfirolciicon Kcke. 
Class XXXVIII). There wxre also present as impurities a similar wheat with 
red grain (var. ferragineiim Al. Class XXXII) and a bearded wheat with 
smooth, white ohafl; and red grain (var. enjtlifonpermim Kcke. Class XLI). 

Musa Khel tahsil. 

VI. Kundai. This variety is growm oji light, nnirrigated land. It is, 
however, only cultivated to a small extent. It is a beardless wheat, with dense, 
club-topped ears, smooth, wiiito chaff and white grain (var. albklim AL 
Class LXTY). Cnly one impurity w'as ])rescnt a similar wheat with red grain 
(var. alhonibrum Kcke. Class LXI). 

10, Urbiicn. Like Kundai-, this variety is only growu>. on uniriigated 
la.ud but the cultivation is general. The ears are bearded with smooth, red 
cluilf and wiiite grain (var, erylkrolcncon Kcke. Cla,ss XXXVIII). There 
wcue also ])rcscut a bcardctl wheat with smooth, white chaff and rod graii). 
(var. iU'iillirospernt/mn, Kcke. Class XLll) ; a bearded wheat with white, felted 
glumes and red .grain (va,r. fidiginosum AL Class XX); a bcarddess wlieat 
w'itli, smooth., white glumes and red grain (var. adbombmm Kcke. Class LXI). 

11. MnUo ghorJuza. Tliis is a macaremi wheat and is always growm 
(tn. irrigaf-ed land a.s it rccpiires a plentiful supply of \vater. The awns 
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aro black, tlio clia,tT wliiiai and doiiscdy [oltc.d. and tlu'- <<;iain white 
[viir. 

ilo. Zkh(L Tills wheat is said to be only sparingly .i,n'own a nd always 
on iriigatcd land. The oars are licarded with smooth, white chaft’ and red 
grain (var, enjihrof^penn-um Kekei Class XCT). There \vor(‘- also ]ire,sent as 
axlinixturc's a siinilar wlicat with white grain (var. (jnwcum Kcke. Class XLV) 
and a bearded wdieat with, densely felted, white ehalf and red grain 
(vain //o-s^wm WTO Clem. Class XXI). 

ZHOB. 

The Zliob .District lies in the north-eastern coj’ner of Ihdiichistan. 
greatest length is from east t<c west (1150 miles) and the, to! al area is 0,112(5 
sciuaro miles. ^Phe greater ])art of tlics District is eovi'red wilh mountain 
ranges inteiseeted by valleys. Jn the south, lies the great valley <;f tln^ Zlud>. 
an immense stretch, of alluvial plain a.u<l in the north lie.s th.e valley of tln^ 
Kundar and its tributaries. Tiuae are also luuncrinis smalhu' valleys. 

The climate varies with the altitinle. In Upper Zliob and in the- high 
lands generally, the summer is cool and the winter cold, while in Lower Zhob 
the summer is unpleasantly hot. The rainfall varies in dilVeient ])ai’ts o.f tiio 
Distruh., ranging from It) inelnw in Fort tSandeman to about J inches in .Kila 
yaifullu and 5 iuehos at Ilindubdgh. As in most other part.s of Bnlucliistun. 
the largest rainfall occurs in tlie winter mouths especially in iViarch. Ht-rmig 
winds aro common but their direction va.ries with, tlu^ season. 

There arc a very large numlnw <:f rivei-s in tlie .Disttict. both perennial 
rivers and hill torrents. Most of the rivers run from west to east. The two 
most important are tlie Zhob and the Kundar with tlieir tributaries. 
The water in the upper part of the Zhob river caiiuob lie used for irrigation 
on account of the high banks but lower down dams are thrown across tln^ 
stream and the water is taken, off in open channels for irrigation inirjiost's. 
This is the method adopted to raise the water in all the pennanent streams 
and in some cases the water is raised to great lieiglits on to tenaced lichls. 


Tiio following estimate of the irrigation facilities and tJu^ aiwsa watered 
by them was inadc in ]9().l;-0r) 
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Tko, lai-gcst auKRiut of dry ci-op cultivation is situated in tlie Kila t:raifu]la 
(ahdl, the area in tin'. Fort Wandenian lahsil being comparatively snuii.l. 

Wlieat is the most important crop in the District and in the Kila Saifulla 
((iliail four-fifths of the cultivated area (10,000 acres) was under wheat. The 
land is ploughed in the spring and watered in September. The seed is sown 
broadcast and the land is then ploughed. In some parts it is levelled, in 
(H-hers no levelling is ordinarily doiie. In Fort Sandeman where water is 
scarce, the seed is sown broadcast in dry land which is then ploughed and 
ievolled and watei-ed, later. After germination has taken place, the wheat 
is orilinarily watered forty days after sowing and again after ten or twelve 
days. No fuitlter irrigation is given for about tAVo montbs on account of the 
January and Februai'y rains. Generally three more waterings, at intervals 
of fifteen to twenty-five days, are given from March onwards. Wheat is often 
grazed by animals in February and March. 

In dry crop cultivation, the fields are embanked and filled during the sum- 
mer with ]'ain or floocl w^ater if possible. They are then ploughed in August 
or Beptember and left smooth. Bowing may be carried out at any time from 
October to the end of March depending on the rainfall. In Hiiidubagh, the 
seed is sown broadcast and is then }>loiighed in and covered. In other parts, 
the land may bo first prepared and then sowm by drill. 

Manure is generally used in brigated land except in very fertikvland or 
in places where land is left fallow' for long periods, owhng to the scarcity of 
the water-supply. Dry crop lands are cultivated every year wiiile some of the 
irrigated land is left fallow for seA^eial years. Only 271 acres out of B9,527 acres 
w'ere cropped twice a year and some land was only sown once in ten years. 

The following are the average yields of wheat in luaunds per acre 
obtained from crop-cutting experiments : — 
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The varieties of w'heat growm in the District are desciibcd in the Gaxpllccr 
as follows - 

‘‘ Tw'o varieties of wKeat are giwn in the Ilindnbagh viz., the 

)idm ghauam or winter wheat, Avhich is white, and tmala ghanam or summer 
wiieat, wKich is red and has a smaller grain. In Kila Saifulla trvo varieties 
arefound-.ym or red, and or AAdiite w'heat ; the red variety is largely 
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cultivated ujid is also comniou to i^cvrt Haiidomanj wliorc tlii.“(U>, iuo:r<', \a.ri(!ti(w 
:irc rccoguisod'-Yor (jJmmtni., orbasin (jhmKOm ajid (jIkiI (jIkowui, all being iiuligt^ 
nous to tlio country. Tlic lor (jhmimn has a loagish lia/rd gra.iji, yidlowisii. in 
colour, the ear being dark, whence the name. Tlui orhanm (jhanam is 
reddish in colour, tjlie grain is small and soft and the ear long but tiiin and 
yellow in colour, (Jlmt ghami’mla.dijs, a beardless ear which is liiick but siuall, 
the grain being yellowish. All are cultivated eriually in ditl’ereiit pa.rts of iiu' 
tahdl and the sowing operations extend from October to end of -lanuary.''’ 

I’he following samj)les of wheat were received from tliis District r— 

Kila Saifulkt Upper Zhab. 

1. f/hmum. This variety is grown both ou irrigaU'd, and nnirri- 

gated land. It is (n>nsidored to refpiire ie,^^ wat(U (Jiaii .vro. g/a</n//a. 

Two samples of spin, were sent from tliis dHie (irst labelled Spilt 

kodiam consisted oE a wheat with very shoit, bla,ek awns, gj-eyisli white, 
densely felted, rounded glumes, and wliite grain (var. meridioixtle K<dve, 
Olass XXX). No impurities were present. 

The other samj[)ie was very mixed but tlie two main, coustitinmts were : a. 
bearded wheat with densely felted, ligiit red chulT and a.wus and while grain 
(var, larcicim Kcke. Class XV) and a Eully beard.ed wheat wit.h s.nioolh, 
light red ohatf and awns and red grain (var. Jernujimum Al. (,'lass XXX M). 
There wore also pr(3seiit as imparities a beardetl wheat with l!elte<l, bright red 
c.hall and jiaic red grain (var. barbK.rosm Al. (.!Jass Xlll) a.n,<l, a. bearded, 
wheat with smooth, red clialf n.nd wliite grain (var. erijlhroleitrou Ke.k(\ 

cias.s xxxvni). 

2, Sra ghimm. This wheat is grown on both irrigated ami nn.irrigated 
laud, it is a bearded wiioat with smooth, white ehalY. \mry weak straw, and 
red grain (var. ergthrospermim ,Kcko. Class XLI). There was on!}' one 
impurity, a similar wheat with white grain (var. <jrac<:nm> Ke,ko. Cias.s XLV), 

3. Mc.em ITiis variety .is said, to have been imported from 

Mecca by Ilaj'iK ami is considered to be most sacred.. It e.anmit be. sen n, wit.heii f 
perEorming tli.e ceremony of ablution necessary boEore oll'eriiig inaytu's. 
,!,t is cultivated, to an insignillcant ex1,eu.t to neutralize tlm elTeel oE evil vyo 
in a fudd. It Is a luaearoui wheat with an extraordin.arily long grain even I'or 
a macaroni au<l w.itli two pecuJiur ridgiis on the outer glume, TJie. awns art^ 
black, the chalf white and felted and the grain white (vai'. iiielnii.oiiiis ,\|, 
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4. Spin fihanmn-. This variety’' is also cultivated on irrigated land. 
The sa.niple consisted mainly of a mixture of wheats all with rvliite. densely 
felted and very rounded glumes, white grain and strong straw but with very 
varying amounts of bearding (var. eryihrokucon Keke. Classes XXVIII & 
X.XIX). Some were abnost fully bearded, others almost beardless. From the 
appearance of the sample it would seem as if a good deal of natural C]-ossing 
had taken place. There was also present, as an impurity in small quantity, 
a boarded wdieat with smooth, white chaff and red grain (var. enp 
^/cm!?y;erwrw?rivcke. Class X^^ 

5. Sm (jhammi. This was a .bearded wheat with smooth, white chaff 
and red grain (var. efythrn><peminm. Kcke. Class XLII). Tiiere were also 
present a boarded wheat with white, densely felted chaff, rounded glumes, 
poor straw and red grain (var. Hoslianum Clem. Class XXIV); a "similar 
wheat with white graii\ (var. meridionule Kcke. Class XXVI) and a bearded 
wheat with smooth, white chaff and white grain (var graec.imi Kcke 
Class XLV). 

Kdlw' Khordsdn suh-iahsil, Lower Zhoh. 

6. Sur cflmnam (red wheat). This is the variety most commonly growi\ 
in the locality. It is cultivated both on dry and irrigated laiid and is said 
to be rust-liable. One sample of this variety was sent. The ears were thin 
and badly matured. It was a fully bearded wheat, witli smooth, red chaff 
and dark red grain (var. femujmemn Al, Class XXXIII). There -was a 
small quaaitity of a similar wheat with white grain present as an impurity 
(var. eryfhroleucon Kcke. Class XXXVII). 

7 . Spin ghmam (white wheat). Samples of this wheat grown in different 
villages were sent. Three of them consisted of a fully bearded wheat with 
smooth, white chaff, weak straw .and white grain (var. yraecmn Kcke. 
Class XLV). A rimilai wheat with red grain wns present as an impurity 
(var. erythrofipemiUQn Kcke. Class XL). This was the only impurity ii\ th e first 
sample, in the second there was also present a bearded wheat with strong 
.straw, white, felted glumes and red grain (var. fvligmmimi Al. Class XVIII) 
a,nd in the third a fully bearded wheat with white felted glumes and 
grain (var. merUlionale Kcke. Class XXVI). The fourth sample was a red 
wheat with long, lax, fully bearded ears, smooth, rvhite chaff and red grain 
(var, eryOirospermum Kcke. Class XL). 
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Fm'l ^awl(m<tn UiksU, 

V(mv \vm'e hmn thm lahsU. 

8. Orhadn (jlmwmi. This wlicat was somewhat dihiciilt to classify. 
The grain was soft and large and resembled that of a rivet wheat. b\it in otln-r 
particulars tlio ears were those of a macaroni wheat. Tliis wheat has shoit 
ears, long red awns and smooth, red cha;ff ; the grain is white and soft and 
the straw htrong wdth a pink tuige (var. hoMformc Host, (hiss VIll). Oiu^ 
ear xvas found which looked like a natural cross between this Avhcat and a 
common wheat. It was dense and flat and only half bearded. 

9, Tor (jhanam. Tliis is also a macaroni wheat but with no ])cc‘iiliarities. 
ft is a black awned wheat, the chaff white aiul felted with mucli ■bIa(;k(Miing and 
the grain white, hard and long (var. mdano-pnH Al. t-lass W). Tluu'i-, w<u’(', pre- 
sent as im])uritiessome orbami wheat ;a common wheat with black awns, white, 
felted chaff and red grain {viir. fidu/inosvm Al. (lass XX) and a common wiicat 
fully bearded with smooth, white chaff and red grain {xnr. frrriujhiniw Al. 
(tlass XXXTTT). 

Id. Ghat (fhamm.. This re.somliles the wheat ypf// from kislun and other 
localities, ft is almost beardless, with white, felted clialf, rounded glumes 
and white grain (var. iricrnliowile Kcke. (Jlass XXX). There wm't^ ■jircsmif. 
as impurities, in large quantity mt ghmiow, and hi small quantity a slightly 
bearded wheat witli wliite, felted ghiine.s and rod grain (var. Uoslimnmi (^leni. 
Class XXJY), a practically beardless wheat with small tijis. rounded 
glumes, smooth, white chaff aud white grain, (var. alhulmn Al. Class LX'If). 
and a bearded wheat with smootli, white chalf and red grain 
(var. orijtlnmpimmhn .Kcke. Class XLII). 

1 1, aSVo ghamim. This is a common wheat with medium, fully bearded 
ears, white aw'ns and smooth, white chaff. Tlic grain is small aud rml a,ud 
the straw pink timiiug black on ripening and weak (var, crjilhro.'ijHowmt Kcke. 
Class XLII). There were also present as inqmrities some Ghat ijlmart/i ; 
a bearded wheat with black awns, white, felted chaff and rial grain 
{v!xr. Jidigioofrum Al. ('lass XX) and a macaroni wheat with, red awns, 
smooth, red chatf and red grain (var. nmromise Kc.k<n Class Vll), 

CHAGAI. 

Tlie Cliagiii District (18,892 square miles in area) lies imnuuUatcly smith 
of the Baloc.h- Afghan bonndary. The District is divided into three parts, f ho 
Xiishki laJinl on the east, the ChAgai in the centre and the Western 
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Saiijraiii Tract an the west. There is very little culti\'ation in tlie District , 
much of the country boiuo- sandy desert and much of it only suitable for graz- 
ing. The cultivation is mainly confined to the level plain of alluvial soil 
lying between Nushki and Chagai on which most of the rivers are situated. 

There is only one river with a perennial flow of water, the Khaibar or 
Jo-i-Nushki which irrigates the land in the neighbourhood of Nushki (about 
2 ,000 acres in 1 005). There are in addition numerous hill torrents which supply 
flood water for the dry crop cultivation. These torrents are held up and 
directed into specially coustiucted channels by embankments which are gene- 
rally made and repaired by a whole village or tribe who divide among them- 
selves the water so obtained. There are a certain number of Mrezcff both in 
Nushki and Chagai but most of them are small and insignificant. The five 
largest in Nushki irrigate about GOO acres (1905) while, in Chagai the largest 
.Mms only irrigates 22 acres. 

The average rainfall at Nushki is -f-r) inches derived from the winter 
storms which come from Persia but these vary from year to year. Usually 
no snow falls on the plains. The suninrer is very long, lasting from April to 
October and the temperature in the plains is high. 

The soil in the cultivated tracts is alluvial and very fertile but, owing to 
the limited amount of water, nine-tenths of the cultivation is dry crop culti- 
vation dependent on the flood water brought down by the hill torrents in winter 
and early spring. The best hlmshl'dha cultivation is found on the Ddh, i\e,, 
the land lying along the course of the Lora. Other dry crop lauds lie round 
Mai and Chagai, jMost of the irrigated land lies round Nushki and Baghat 
and is watered from the Kaisar river. 

The area under wheat is not known accuiately but wheat represents 
about 95 ])cr cent, of the total produce of the District. Wheat is always 
sown in fallow land and the land after a wheat crop is always left fallow 
for a year or two. In September the land is irrigated, plouglied and levelled, 
the seed being sown by drill at the beginning of October. The first irrigation 
is given when the wheat is 6 inches high and the crop is either grazed by sheep 
or cut for fodder in January. The second watering is given twenty days 
later, the third when the ears are formed and the fourth when the grain has 
set. The wheat is ripe in May or June. On unirrigated lands, the time of 
sowing depends on the winter rains and may take place at any time 
up to February. The seed is also sometimes sown in the dry land before 
the rains. 
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TIk* oi’ wliojit por iicre in tluj Nuwitivi ni I w,‘i,s 

(l.l luiuiuds, hl^lwst yield being 8 inaunds pni* iunv nn ircigidi-d, land, 
in Chagai. tln^ {uiltivatorH suy idie oiitlaiTU of wlntat slioiiid la* Ian 1 inn's t.lia 
seed sown. 

tSix sam}>les were receivefl from tlie (Jkugai .Uist.riet.. 

NusJiM iahfiil, 

1. Daliyak: This is the wheat which the ])eople preiVr Ihr fond and 
which is most commonly grown. It is sown in hotJi irrigate<l and imiiTigated 
land. The hulk of the samjde consiste<l of a (aminum laiardc-d wlu’al. \s!tJi 
sniootli. wliito chalT aiul red grain (var. rrijtlironprniHnH Kcko. ('lass XLJ). 
There, wore also present as admi.xtnres a wheat similar to i lie a hove hnt 
with whid^ grain (var. (jrammi ('las.s XLV); a, hoarded wln'al niili, smooth, 
red (dialT and rod grain (vae. Jemujiui'H'm Al. Class X X .\ i 1) ; a heauled 
wheat with smooth, rod olurlT and while gmin (var. < l ijlhyninivi,)! Keke, 
Class XXXVJil) and a hoarded wlieal. with wliid'. lolli'd ohall and. red gtain 
(var. IIoMiamcm Clem, ('hisa XX'I), 

2. This wheat is not very extensively grown and is <ady .sown 
in irrigatod land. The sani})l,e caiiisi.sdul of a mixture in ecjiial paits oj a 
partly bearded wheat with very rounded, white, den.sely feliial ginines and 
v/hite grain (var. wOTu/mardc Keko. (.'Ia.,ss X..X1X) a.nd, (»i a heardles.s wlnial 
with smooth, rvhito chaif and white giain (var. alhkhm Al. Clas.s Liil). 

3. White ivlicaf fmm Niifiliki riUtuje, Three-<|na iters ol the, .sani}ih' 
consisted of a wheat with very short awns, ronnde<l. whif.m ielteil glnines ami 
white, grain (var. mendionale Kv\<o. ('lass XXIX). 'I'liere wi'iv also presem 
as admixtures in large quantity a heaiahid, wheat witb smooth, while chi IT 
and red grain (var. eryllimspermirm Kcke. (']a..ss Xld) and in sniull quant it. y 
a bearded wheat with felted, white. chalT a,ud red grain (v.-ir. ,//o,‘.7/om/nt Cle.im 
Class XXTV). 

Chugai 

■1 , Dah'tjnk. This was similar to tlm Daijhak wlieat. re(>eive<l J'rmn Ntidiki 
but there were .110 impurities. 

5. T'urki. This variety is only grown on irrigated land. The hulk 
of the sam])le coasisted of a mixture of the jairtly hoard.ed wheat with ronmied. 
white, felted glumes and white grain (var. weriiliovnle Kcke. Clu.s,s ,XX1.X) 
found in T'tni'l from Nushld and of a somewlmt similar wheat hut. fully hearth', d 
ajid with sharply keeled glumes (var. merkVmmh Jveke. Class XX. VI). There 
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were alwo present as adniixtaires a bearded wheat with smooth, white chaiT 
and red grain (var. enjlhfos'permmi Kcke. Class XLI) ; a fully bearded wheat, 
with white felted chaff and red grain (var, Hoslianmn Clem. Class XXI) ; 
a similar wheat -but very shortly awned and with short, rounded glumes 
(var. meridionale Kcke. Class XXIV) and a bearded wheat with red, 
densely felted cha-ffi and white grain (var. tmcicum Kcke. Class XV). 

6. Siali das. This wheat, as the name implies, has much black colour 
on the awns and glumes. It is said to be grown mostly on irrigated land. 
The bulk of the sample consisted of a bearded wheat with smooth, red 
chaff with much blackening on the awns and glumes and red grain 
(var. ecesium Al. Class XXXI). There were also present as impurities 
in very small quantity a similar wheat with white grain, a bearded -wheat 
with wdiite chaff and red grain (var. erylhrosperimm Kcke. C'lass XLI) and 
a bearded wheat with red, felted glumes much blackened and red grain 
(var. fuliginosum Al. Class XIX). 

KACHHI, KALAT. 

Kachhi, the most easterly portion of the Khan of Kaldt’s dorainions, 
adjoins the Nasirabad and Sibi UihsUs of the Sibi District and resembles these 
in many particulars. It consists of a flat, triangular plain surrounded by 
mountains. The altitude is nowhere above 600 feet, but there is an almost 
imperceptible slope from north to south. 

The climate is like nortbern Sind excessively hot in summer and very 
dry. Unlike most parts of Baluchistan, there are only two seascms, summer 
and winter, and the former is much the longest. Tlie rainfall is very small, 
about 3 inches. 

The soil is very fertile if wat(,r is available but the irrigation water is not 
nearly sufficient for the whole area and there are large stretches of deseit 
with no vegetation. There is a fringe of land under the hills which receives 
permanent ir tigation but most of the cultivation is carried out on flood water 
from the rivers. There are nunxerous rivers arid hill torrents in Kachhi of 
which the Nari, the Bolan, the Sukleji, the Mula, the Lahri and the Chattar 
are the most important. These streams are held up by enormous dams 
and the water is deflected into numerous side channels both natural and 
artificial. Some of the dams are very large hut 'they are all of earth or sand 
and brushwood and break under sudden floods. They are made and repaired 
on a communal basis, 
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'rho,r<^ is luiicii wasto. of water (T,u.o to want of system and ori^anizat.ion 
and in especial tin’s frequent breakinjj; of tlieso, linge earthen dams loads t<t 
defection and waste of water. In a very few xdaees, iiotaldy on the P*olan, 
Persian wheels are used to lift the water. Apart from this flood irrigation, 
there seem practically no other sources of water. Only seventeen kdrezeii and 
nine springs are in use and there are haidly any wells. 

Wheat is grown to the greatest extent on the west side of Knchhi as 
permanent irrigation exists there. It can only be grown on flood areas if 
floods have occurred in August and Heptemher, 

Irrigated land is always fallowed for two years, if wheat is grown. Tt 
is s<ddom manured but stauetimes bat’s dung or })igeon’s dung is s])read ovco- 
the held when the erop is a foot high. The land is watered and ploughed in 
October and the seed is sown broadcast. On irrigated land, the b(‘a,m is n(‘V('.r 
used. The second watering tabes ])hice when thc! wheat is tiiret^ inches 
high and it is thou watered a, bout every fortnight, llie length of the int.tnval 
depending on tlie water-retaining power of the soil. Harvest fakes place 
in April, 

In dry crop cultivation, the land is ])loughed and smootlnul after fiu^ 
summer Hoods aiul sow'u with the drill in October. 

On both irrigated and nnirrigated lands barley is sometimes sown with 
the wheat. 

8ix samples were received from Kaclihi, four from the Ohiidar lahml 
and two from the Oaudava 

Dhddar, KaclihL 

1 . Rdi. This wlieat is said to hav(! been introduced by the llrifish. Tt 
is much, liked and is iio\v extensively grown. The beardless ears are very 
large and bold with fan-shaped a])iccs. 'Phe chaff is white, and felted hnf. the 
felting seems to vary in density. The grain is white and hard and tlu> 
very strojig and stout straw is pink in c()Iout turning black on ri])ening 
(var. kncosjmmm Kcke. Class LIU). A similar wheat with smooth e.halT 
was })resent [Yfiy . dhUlim, A\. Class LXIIT). The preseiuK^ of these smooMi 
oars comhiuod with the variation in density of the f(dted e,ars makes it appear 
probable that in this sample we arc dealing with the ]>r(»gony of s(mu^ natura l 
cross between a smooth an<l a felted wheat. 

2. Baj. This is said to be a red wheat and to he valiKul h’.ss highly 
thn^u Mdi. Sevon-eightlis of the samph'. however consisted of a wluaif; 
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with wliite grain. The ears were beardless with small tips and the ghnnes red 
and felted (var. Delfii Koke. Class XLVITI). One-eighth consisted of a 
similar wheat with red grain (var. pyrotJmx Al. Class XLVI). Tliere was 
also present in small quantity a beardless wheat with smooth, light red chafT 
and white grain (var. albomhrmn Kcdce. Class LVIII), 

B. Warn while whmL As this variety is considered of poor quality, it is 
termed ivcini which means inferior. It is generally grown on land wliich is not 
under permanent irrigation. Two-thirds of the sample was composed of a. 
bearded, wheat with vslender heads, smooth, white glumes, red grain and weak 
straw (var, erylhros^iemiim Kcke. Class XLIl) and one-third consisted of 
a similar wheat with felted chaff (var. fidiginoNmn Al. Class XTX). There 
was also present in very small quantity a bearded wheat with smooth, white 
ghimes and white grain (var. firammi. Kcke. Class XLY). 

4, Warn red wheal. This is also grown in nnirrigated land and is <d poor 
quality. This variety was a somewhat curioiis one. The ear shape is that 
of a common wheat but the glumes are sharply keeled to the base like those of 
a macaroni. The straw is ahnost solid but is stout not tliin as in a macarmn 
wheat. The grain is large and like that (d a rivet in shape. The ears are 
bearded, tbe glumes smooth red and the grain white (var. erylhroleiicon Kcke. 
Class XXXTIII). Only one impurity was present, a somewliat similar 
wheat with red grain (var. femtgine'im Al. Class XXXII). 

Ganddva talml. 

T). Thori. This was a very mixed sample, containing nine different 
wheats. Although ihori, meaning hald, generally denotes a beardless wln^at 
tbe main constituent was a bearded wheat with slender ears, smooth, white 
glumes, red grain and weak, pink straw which turns black on ripening 
(var. erythrospermum Kcke, Class XLII). There were also present in fair 
quantity a beardless wheat with sh<n4 tips, white, densely felted glumes 
and white grain (var. Imempermmn Al. Class LV) ; a similar wheat but 
with quite beardless ears and red grain (var. redvlinmn Schiibl. Class LI), a 
beardless wheat with smooth, white chaff, red grain and pink straw whi(di 
turns black on ripening (var. lutescem Al. Class LXI). There were present 
in very small quantity a beardless wheat with white chaff and white grain 
(var. alhidum Al. Class LXII) ; a beardless wheat with smooth, rod cliaff 
and red grain (var. milUmm Al. Class LVI) ; a beardless wheat with red, 
felted chaff and red grain (var. pyrolhrix Al. Class XLVI) ; a bearded wheat 
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with f)lack awiiw, grejdsli white, densely I'elted ghuucK and red 
(vai-. fuligmosum Al. Class XX), and a dwarf wheat with sjueeth, white 
chaff, white grain and pink straw (var. liumboldti Kcke. Class X). 

6. Wdvu wheat. This sample was also very mixed, eight different wlioats 
being found in it. The main constituent was a beardless wheat with small 
tips, light red, felted glumes, white grain and good straw (var. DeJfii Kcke. 
Class XLVIII). There were also present as impurities a similar wheat with 
red grain (var. fyrotlirvx Al. Class XL VI) ; a beardless wheat with short 
tips, smooth, light red chaff and red grain (var, miltnrmn Al, Class LYI) ; a 
similar wheat with smooth, white chaff and red grain (var. erytliro}ij)emmm Kcke, 
Class XLII) ; a beardless wheat with smooth, red chaff and white grain 
(var. (dhomhrum Kcke. Class LVIII) ; a l)eardless wheat with dens(^ ears 
with fan-shaped apices, white, felted glumes, white grain and very strong 
straw (var. leiumpermum Kcke, Class LIIT), and the same dwarf whe.ul as 
in the sample of Thori (var, Hvmholdti Kcke, Class X), 

MAKRAN, KALAT. 

This is one of the maritime divisions of the Kahit State. The coast is 
practically a desert owing to the nature of the soil, which is impregnated 
with salt, and the scanty lainfall. From the level clay plains of the coast 
rise table hills and behind these lie ranges of high mountains, parallel with 
the coast and intersected by narrow valleys, in which the cultivation is 
carried on. 

The climate varies greatly. The central inland portion is extremely 
hot and dry while the higher valleys such as Panjgur are fairly temperate. 
There are three seasons, spring from March to May, summer from June t<> 
October and winter from November to February. The seasons in Panjgdr 
are about a month later than in Kech. The rainfall is very uncertain but 
never exceeds a few inches. None may he received Cor two or three y<‘urs. 
The rain generally comes in the form (ff storms between November and March 
and in July and August. On the. west, the winter rainfall is the greatest, on th(^ 
east the summer rainfall. As most of the rain falls in the hills su<id<in floods, 
which do great harm to cultivation, are common on the plains. 

There are several rivers in Makrdn of which the Dliast, the Kaklushan, 
the Tank and their affluents are the most important. From most of these 
rivers irrigation is carried out by means of Jcaiir-jos or open channels hui<liug 
from pools. In almost all the rivers, the river bed expands at short intervals 
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into shallow pools, the intervening stream flowing over a pebbly bed. fl’hese 
pools are often increased or deepened by artificial means and an open channel 
is constructed to carry the water on to the land. The construction and 
cleaning of these channels is done by co-operation between the members 
of a village or a family just as in the case of a kdrez. A considerable area is 
irrigated in this manner. There is a tradition that large dams used to exist 
at certain places but at present the number of dams is insignificant, 

A large area is under kdrez irrigation, and the remains of old kdrezes show 
that this area used to be considerably larger. 

A certain number of wells are also used for cultivation. Two systems of 
water lift are in use, the ordinary Indian bucket lift or dhenkoli and tln^ 
galjaU system from Sind. The leather bucket in this case has an elongated 
tube at the bottom and can be opened automatically by a rope attached to 
the yoke. 

Very little wheat is grown, the local requirements being met by importa- 
tion from Karachi and other places. It is generally grown on iriigated land 
except in Panjgur where the irrigated land is so closely planted with dates that 
the wheat will not grow. The crop is however grown on unirrigated land in 
Panjgur. Practically all the wheat grown on irrigated land is grown under 
dates (they are not so closely planted as in Panjgur) and the yield is therefore 
poor. 

For irrigated cultivation, the land is ploughed as soon as the last wheat 
crop is removed. It is then ploughed again after the date harvest, and after 
the 20th of October the land is watered and sown brr)adcast. The field is 
then ploughed and levelled with the beam. This is the best time to s()w 
but sowiiigs can be extended to December, The first watering is given when 
the plant has tillered (termed clmk-o-mdi or mother and sons) about a month 
after sowing. The second watering is given about a fortnight later and the 
third two months after sowing. The wheat is then grazed. Harvest takes 
place in March or April. 

On unirrigated land the wheat is sown with the drill. T'ho, best dry cro}) 
lands are the embanked holds of the Rakslian river. The laud is generally 
ploughed and levelled after the summer rainfall and s()wn in October but in 
some cases the water-holding capacity of the soil is so great that even when 
irrigated in February, if ploughed and levelled at the time, it can be sown 
in October or November. To ensure a good crop, rain is necessary <iuring the 
hrst sixty days. 



in Makniii as])0(5ially ill Kahva is liable to daiiiiij^c by ilio rioo-sioui 
[I3 . llui local iiaiutt of this is r/rt/Y? o:r‘ pain bcoaiiso tlio siulks collapses as if 
in jiaiii. I li(v l•cluo(),y adopted by tlie pcojilc is the ajiplication iio l 
held of the drie.d blood of floats or sheep whi<di have liecn killed on I, lie, 
Id'XZ-zulm, 

The following is the description of the varieties id wheat given in the 
Makrdn (xazelksv ; — 

The generic term for wheat is (j<(Ua ; and its varieties are knoAvn as 
nuUonhag and chrrok. which are most extensively cultivated in the Kechi 
valley and jxmdro or piz/miah\ which are commonest in Jhileda, Zamiiran and 
I anjgur ; another kind is dnhal' whicii, is grown in ranjgiir. Tli.e colour of 
both mdlmhag and vhkok wheat is red Imt the latter is somewliat darkei tfian 
the lonncr. Mdloxhag is famous for the size of its grain. .It is cultivated only 
on a limited scahu as it is easily alfected liy danl Chirok is consiihu’cd tin-, 
variety indigenous to Makrjiu and tJie grain is very small except in Paujgur. 
It is much a])preciatcd_ lor its flavour and sweetne.s,s, aiul is jxipular for 
pardiiug when green {Idpag and mmhmi). It is very sAveet to tlie taste and in 
I’anjgiir and other localities is sown in e([iial proportions Avith otlier varieties. 
Pandro is the largest Avheat grown in the e.ountry ami is lighter in milour 
and rounder in shape tlian the otln-.rs. liread made from it. however, is not 
so sweet as tliat made, from rJiirok nor so nutritious as that made from daliak. 
Mak resemhles c/c/ro/r hut is larger and yellower in cmbnir. L(»callv it is 
considered the c^pinl of illastung wheat in taste and quality but is ImHevod 


to be CAmu more nutritious 

Heveu samples wm-o received from Makraii. 


Panjgur, 

r 11 'i' l,,x. 

ully l«a,-aod with dark rad f-rainand „aak, ,,i,.k st,r,nv 

(var. Kake, Xl.II). Tluvro rvor« al.a.. pvasoni. i,. small 

.iu.ant.t,v a laa.rdcd wheat with snxa.th, red «lmaea an, I nal fp^ain 
(y^xr. mu!in,e,m AI. Class XXXIV), ami a hoarded wheat with white, slishtiv 
rounded sparsely ielted gl„„ie.s with re, I f>raiii (var. llmlimiHm Cleii'i. 

Uii.ss \X,I), 

a. simtuf dmilhn. Tliis variety is said te lie net ipiitc so eomn.enlv 
srewu as I)«h«k but the .sample r,,„,,ived was very similar i,„ JM,,,/,. 'I’lie 
only ,hfle,,. one, es wiridr eeuld h„ m,t,ie„a were a weaker straw a,.,l a sherter ear 
S huim dmulan. 11, ore was only one impurity, a he.,r,led wlmal, wdtl, siueetl, 


TUli AVJIKAI’S Ot’ i}AinJG.lfi,STAN‘ 


HOWARD 


71 


\vlLitt5 oliatt and wliite grain (var. cjmecum Kckc. (Jla.s« XLY). It ,sct;iiis 
probable tliat tbe real Shnlur Dandau was not sent. 

3. Pindaru, This is tlie least ciiltmited of the three kinds. The sample 
was a mixture of a macaroni wheat with, white awns, sinootli, white clia;fT and 
white grain (var. hucomelau Al. Class IX) and a rivet wheat with shoii; ears, 
black awns, white, densely felted glumes and white grain (var. Sfdomoms Kcke. 
Class I). There were also present in small quantity two other macaroni wheats ; 
one with red a,wns, .smooth, red glumes and red grain (var. vvin'cmmi Kcke. 
Class VII), and one with white awns, white, lightly felted glumes aiid whit<3 
grain (var. iU. Cla.ss Yl). 

Kccli. 

A. Chiwh. vSample A grown on irrigated land. This is the common 
wheat of Kech. The cars are bearded and very small with black aw.n.s and 
smooth, red, rounded glumes. There is some blackening mi the chaii’ anti 
the red grain is small and rounded (var. caesium Al, Class XXXI). This 
variety resembles very closely some of the wheats of Jlihar.^ These also have 
small, rounded grain, small heads and much blackening on the chaff. As lar 
as is known, such wheats are found nowhere else in India and it is curious that 
(Jhuok which is supposed to he the wheat indigenous to Makran sliould bo 
almost identical with the Avlieat.s of so distant a part of India as Bihar. 

Sample B, grown on dry land, rcscmhled the lirst sample but the heads 
were bigger and the straw sti’onger. 

5. Mdioshcifj. This wheat is less commonly grown than (he Chiwk. 
The ears arc short, very den.se and square. The awns are black and long and 
the glumes red and densely felted. The grain was red (var. harharossa Al. 
Class XI). 

G. Kol. 0 . This variety is considered to be a delicacy and is only eaten 
parched. It is only grown in very small quantities. The ears are beaTdle.ss 
with smooth, red glumes. The grain is white and rounded and the straw 
stout and black when ripe (var. alhorubrmn Kcke. Class LVIII). 

A set of samples was received from one of the Districts Avithout any 
indication of the place o[ origin. These samples wore labelled Salomun mzi, 
Bati mzi, Kumar, Shahderzi and Khudadadarzi. 

1. Salonum razi. The main constituent of this sample (forming 
live-sixths of the total) somewhat resembled the Sjrhi wheat received from 

-• I Howa,rd and Howaird, Wheat in India, "q. 201. 
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in. ^ The lax ears had sliort awns, the glumtjs were rounded, wliite and ftai e,d, 
the grain white and the straw strong (var. mm^iomh K(;ke. (Hass XX.L\). 

khuibulailarzi. Heven-tugiiths of the samjde was th,c sjuiui as sanij^le. 1. 
Ball razi. T’wo-thirds of the .sample was identical with the other 

1. Kiwmr, This was a mixture of the wheat described above and a 
)carded wheat witHi ^ ^ed chaliand red grain (var. eryihwspmnum 
voke. (.Hass XLIIl). This wlieat wa.s also present in .small (piantity in 

5. Bhahderzi. This was a .similar mixture to Kumar. 

vheat wa.s pre.sent in all the .sample, s in .small quantity ; a 
white, felPul glume.s aiul white grain (var. merldmuite Kcke. 
A .similar wlm.at with red grain (var. Hodlammi 
wa.s also pre.sent in sample.s I, 2, -I, and (k A iieardeil wheat 
with .smo(»th. white glumes and wl.it(>. grain (var. <jrr,mm K<‘,k<‘ Class XLV) 
wa.s pre,seut in samipics 1, ;h 1, 5. Sample 2 which wa.s very mixed <umtn,irm<l 
addition t(» the above mentioned im})uritie.s a bearded wlnait with red 
felted glumes and red grain (var. hafhar<ma. Al. (Hass Xlll), and a beardeii 
wheat with smo(.tlu red glumes and white grain (var. m,throlnavn Kcke 
'vhile a. similar wheat with red grain (var. Jhrayiuram Al. 

^ XXXlli) wa.s pre.sent in samph. 1 . Samples d and 5 also contain a wheat 
with short awu.s, white, felted glumes and red grain (var. Uo.fmnuui (Hem 
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THE WHEATS AND BARLEYS OF EHORASAN. 

I. INTRODUCTION. 

In 1910, ii report on the agriculture of Khorasau was published by Major 
Sykes, (now Sir Percy Sykes) Consul-General and Agent of the Government 
of India in Khorasan. Samples of the w^heats were also sent to Pusa for 
classification. 

Khorasan, with an average altitude of 3,000 to 1,000 ft., lies in the north 
of the Iran plateau which includes the whole of the uplands of Persia and 
Afghanistan. The climatic conditions resemble those of the higher parts of 
Baluchistan. The temperature rarely falls below zero in winter and the 
highest temperature in summer is about 100'^ wdth cool nights. Snow falls in 
December, January and February but the average combined snow and rainfall 
is only 10’20 inches per annum. In common wnth Seistan and Baluchistan, 
Khorasan suffers very much from strong, dry whids, notably the “ wind of 
120 days.” The soil most commonly found is known as /czmw or crimson 
and is a dark coloured loam. 

The following a,ccount of the cultivation of wheat is taken from Major 
Sykes’ report : — 

“ Land destined for wheat or barley has, very foequeirtly, been fallow- 
for as much as five or six years, during which period it has either remained 
almost bare with a few thorns growing on it : or if naturally comparativelv 
moist, it is covered with liquorice which has a deep root ; but which is of no 
value as a crop, although it is used for binding round a broken limb and as a 
specific against fever. The first ploughing generally takes jdace when the 
land is wet during the spring, and this ploughing is repeated twm or three 
times. In the autumn, the land is levelled and divided into suitably sized plots 
(Jailed hila by means of tiny ridges knowor as jixd A hala for wheat or barley 
is from 3to 6 wide and from 40 to 50 and sometimes 100 zars long. It 
all, how^ever, depends on the nature of the ground and the volume of the water. 
After again being watered, the seed is thrown on broadcast. In this connexion, 
land is generally flooded to a depth of three inches for grain crops ; but to 

’1 zar=!=4:0*96 iuohea. 



about half tins dcptli for luoloiis and cuciiind)er8. Finally, tiui sc<',d is (-(fveia^d 
by tucaus of a, log harrow, mala, which is drawn over it with a inati sitting on 
it. Sowing. 1 would incnthm, goes on all through tlic winter c.xcepi. when thc! 
ground is ioe.-l>ound or covered with snoAV,tho custom being to sow 2 /i/a/f/ru/'a* 
at the main autumn sowings and 3 Icharwar in the spring and at odd tijues. 

In the large majority of cases, there is no manure used and the land is 
not given the preliminary ploughing. Land used for rain crops is never 
luajiurcd, hut the seed is scattered broadcast after rain, the laud is plouglied. 
levelled by thc board harrow and left t() chance. Occasionally rain crop land 
is given a preliminary ploughing. 

Weeding Is not d<me in the case of irrigated wiicat and barley e.rops, full, 
once Avitli rain cro]),s. Vegetables and opium are carefully Aveeded, Wheat 
and barley are well up before the Avinter sets in an<l do not a])p('ar to suiTer 
from th,G frost although o(uta.sio,nal snowfalls arc considered to be desirable. 
In the cardy spring, Avhen the crops are aboul, eiglit inches u)), they are eitlier 
cut down <n’ grazed. Aj)art from the Arable of tin', fodder, tills is thought to 
strengthen tlie crop. 

A large croj) dojxnuls mainly mi the rainfall in Murcl), Ajiril and May, 
and the eulti\^ator only waters his Avheat and barley tiiree times after 21st 
xMarch, if the rainfall lie good. Wlien tlie ear begins to form, no more water 
is given and late rain.s, oe., after the end of May cause rust. Jt, howcATu*, 
partly depends on the nature of the soil. In soiiie cases, water is given in the 
iiitci'A'a! commencing from thc formation of the ear and tlie ripening of it. 
No Avater, however, is given after the horneJ has been formed. A cultivator 
can sec by the colour of the leaf if Avator is retpiircd. If tin*, h'uf a,sMimeK a 
dark hue he knows that the held is thirsty and requires water, but if he sees 
the leaf iuclinetl to bo yellow, he stojis tlie Avater till thc leaf has assumed its 
natural colour. By the middle of rhme around Meshed, the harloy crop is 
ripe and the Avheat folloAvs about a fortnight later. Neither ruin nor frost 
is to be feared at tliis season, so operations are conducted in a leisurely 
fashion. 

'riie actual reaping is done Avith a someAviiat Idunt sickle and tlu^ bundles 
are not tied up but thrown together. Later, they arc collecte.d int<v a round 
rick near the threshiiig-flooir. 

The threshing is carried out by means of unmuzzled oxen whicli are yoked 
to a wooden iustrumeiit termed a ganlu (roller), on Avhich a man sits, As the 


' 1 AVtrttmr wsOSO lb. 


TItK AVHiflATS Of BAHJOUrSTAN 


lIOWAJaD 


75 


oxen move loumi, two wooden wheels fimiislied with spikes cut up the straw 
which is much shorter and finer than in England. 

Winnowing is carried out by throwing everything into the air by means, 
of a wooden fork termed charlakh (four pointed) when the dust and chah flies 
away. There is. generally speaking, a steady breeze in the afternoons. 

The grain is left in heaps, generally with some j)rivate marks oiv them, 
until the share of the landlord or the revenue be paid. It is then carried into 
the granary and thrown in a heap on to a mud floor. 

In the hills land which is generally terraced is sometimes cropped every 
year. Owing to the silt being abundant, this is possible, but land is allowed 
to be fallow when snfliciently abundant. 

Both wheat and barley are grown either as a rain-fed crop, damia. or by 
irrigation, (ihi. 

The proportion of these two crops varies enormously according to the 
amount and scasonableness of the rainfall. In a good year, in the valleys, 
30 per cent, of the wheat may be rain-fed : in the hills the percentage rises to 
65 per cent. Eain-fed Avheat always fetches tmmd 1 to tomana 2 per 650 Ih. 
more than irrigated wheat. The reason for this is that one wan (6i lb.) of 
rain-fed flour makes If man of bread, wliereas, at most, li is made from 
the irrigated article. Moreover, the bread made from rain -fed wheat keeps 
good for three days and is sweeter than the other : but bread baked from 
the irrigated article can only be eaten fresh. 

Ahi wheat seed is never used to grow daima as it does not turn out w'ell ; 
daima seed can be sown for abi wdtli vej-y good results. One man of daima 
seed is sown in as much ground as would take three mans of ahi seed. The 
proportion in the produce is the same, Daima produces on an average 
30 grains for one grain and ahi only ten to twenty grains. It is calculated 
that 360 grains are sown per square metre or zar. As Persians say, ‘ every 
footprint of a goat should have a grain sown.’ Another calculation is that 
10 man or 65 lb. per acre are sown per jarib or acre of stony ground and 13 man 
or 84-| lb. per acre in good soil without stones. There is no difference in the 
value of the two species of barley. Barley, howu‘,vcr, wdiich is sow'ii for a 
late crop is termed lursk or bitter and is not considered lit for anything except 
for donkeys. 

Wheat is of the following varieties i — 1. Daima-{a) Kalkori, (6) Kalb 
A li Kluini, (c) SafeAl Khosha, (d) Surkh Das ; (a) the ear and the grain is red : 


' 1 lornan^ii sUiUings. 
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tlioTo is no boiird and the j?rain is biji; ; (&) ea r and b('a.rd n-.d. <j:ra,in also rod 
but inclined to bo yellowisli, size oE gra,in niedinin : (c) oar aaul board wliitt*. 
like paper, the grain is also white ; (d) car and Iniard and grain r (id, ilio, 
giaiin is snudl and line lik(Mic^ 

“J. Ahi-ia) K(ir-i-Safl(L (6) KarA-Kirmk, (c) Aiah Dnti, {d) Slmfur 
Dandan ; («) car is Eull and white, with short beard, the grain is wldto- and 
big ; (6) ear is red with sliort beard, the grain is yellow ; (o) ear and board 
black, the grain is yellow and very transparent ; (d) the ear is he.twoe.n 
rod and yellow in (iolour, the bea7-d is sniall and tlie grain red. 

From the milling ])oiut (d view, the, besl> wheat is S‘Nr/,'/i Ixd li of the. 
dfiwn//’ and lasses. 

On the uplands of Persia, wlu'.at takes from scviui to niiu^ mouths 1 o mature, 
but in the hot e-onutry only four to four and a, half months. Tluwe pe.riods 
approximalioly coriespond with tln^ eight months of England an<l iln^ 
foul' and a half months of India.” 


IL CLASSIFICATION AND DESCRIPTION OF THE 
WHEATS. 


A. ULA8SIFIOATJON OF ^OlE WHEATS OF KHOKiSAN, 


Tritioum jjurum Dksf. Maoakoni wheats. 
1. Glumes felted. 

A. Glumes white, awns white, grain whit(!. 

var. Valeimw Koke. 

Khorasan Glass I. 

B, Glumes white, awns ])Ia<ik, grain wUiti^. 

Viiv, melanopus AL 
Khoras^in Glass 11, 
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TriTICUM VITLGARE ViLL. CoMMON WHEAT-S. 

I. Ears bearded. 

1. Glumes felted. 

A. Glumes red. 

a. Grain white. 

var. turcimm'KckQ. 

Khorasan Glass III. 

B. Glumes white. 

a. Grain red. 

var. Hostimmm Clem. 

Khorasan Class IV. 

K Grain white. 

var. meridionale Kcke. 

Khorasdn Class V. 

2. Glumes smooth. 

A. Glumes red. 

a. Grain red, awns red. • ^ 

'VQ.r. ferrugineum, 

Khorasan Class VI. 
h. Grain white. 

var. eryihroleucon, Kcke. 

Khorasan Class VII. Ears fully bearded, glumes not rounded. 

Khordsan Class VIII. Ears only partly bearded, glumes very rounded. 

B. Glumes white. 

а. Grain red. 

var. erythros'permum Kcke. 

Khorasan Class IX. 

б. Grain white. 

var. graecum Kcke. 

Khordsan Class X. 

B. DESCRIPTION OF THE WHEATS OF KHORASAN. 

Triticum durum De.sf. Macaroni wheats. 

Ears flat ; flowering glumes with long awns, outer glumes sharply keeled 
to the base ; straw stifl and solid ; grain long. 
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var. V(ihnri((! Kcke. 

Klordsm Clem 1. Kars very loiiij; Jitul thin, awns whil.<‘ ; (’hall 
white! ; grain white, long, very thin and translucent. 

To this class belongs Shilm Dmulmi, Tlio sample was not w<‘ll maiuTcd 
and had apparently sutlered from shortness of water. A few ears w(‘re also 
found as an impurity in the sample of Safed KhoftJia. This varief.y is also 
reported from Valencia in the Eussian Province of (harkow and Chile, ^ 

var. melamprifi Ah 

Klwrdfidn U. Awns hlack ; chalT felted, while with some 

hlacikeniug : grain white, long. thin, franslncent. larger than the grain of 
Shdur Damian. 

To this class belongs ^^iah Dan. A few similar ears were also f«nind as an 
impurity in the samjde of Slinlnr Damian. 

TrITIOUM VUliflARE VlLL. CoiUMON WHKATS. 

Thus bearded or beardless: outer glunnw not keeled to the huso: straw 
hollow ; grain neither very long nor vtiry round. 

var. (ummm Kckm 

Khorandn Chm HI. Ears sliort, fully bearded ; awiks red : kdiull feltckl. 
red ; grain wdiite : straw' thin. 

Only one ear of this w^heat w'us found as an im])nritY in t.lie KaM-SuJitl. 
var. Hodiawmi Chun. 

Khordsdn Clan.'t lY, Ears medium to lax. fully bearded : chull le.lte<l, 
white ; grain red, somew'liat large, plumjn 

A very small amount of this wheat was fouml in the samples u( 
Kai'-i-SafuL The consistency of the grain was soft. 

var. meridwmile Kcke. 

Kliordadn Clann Th Ears somewhat s<|uare. medium to lax, fully beauied, 
awns stiff; chaff felted, white; grain white. s<nnewhat large. }jlump with a 
distinct hump ; straw' fairly stiff. 

About one-tenth of the sample Kar-i-HaJul belongs to this ciuss. The 
grain had the peculiar dead white colour characteristic, of grain in liiis part of 
the w'orld and the eonsisteixcy was medium to hard. 
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Ya,T. ferrugineum A\. 

Khnrdsdn Class Yl. Ears long, thin, lax, fully bearded, awns light red : 
chalf smooth, very light red, shining ; grain red. 

This variety occurs in very small quantities in ^url'h Das and in 
Kar-i-Safid. 

var. eryilirolemtm Kcke. 

Khorasdn Class VII. Ears long, thin, lax, fully bearded, awns light 
red ; chalf smooth, very light red, shining ; grain large, white. 

The wheat Smlh Das belongs to this class. This variety also formed 
about one-tenth of the sample KaU'ori and occurred as a small impurity in 
Kar-i~Safid. 

Khordsdn Class VIII. Ears lax, not very long, with shr-rt beards along 
the whole length, awns light red : glumes rounded, smo(th, light red with 
some bloom: grain somewhat large, with a distinct hump, white, almost 
translucent. 

The sample Kallmri belongs to this class and a similar wheat was also 
found in small quantity in SurMi Das. This wheat resembles in glume-shape 
and bearding the wheats found on the Simla Hills and while belonging to 
T. milgare Vill. forms a link between this and Tritinmi enm'paphim Host. 

var. erytJirospennim Kcke 

Khorasdn Class IX. Ears fairly long, lax, fully bearded, awns white ; 
chaff smooth, shining white ; grain light red, fairly large with a distinct hump. 

The bulk of the sample Kar-i-SaJid belongs to this class. This variety 
also formed about one-tenth of the sample Safed Khosha. 

var. graemm Kcke. 

Khorasdn Class X. Ears long, thin, lax. fully bearded, awns white: 
chaff, smooth, white; grain somewhat large and white. 

To this class belongs the leafed Khosha but the sample appears to ccntain 
two sub-varieties, one with rounded glumes and plump, soft, white grain and 
the other Avith longer, fla,ttened glumes and translucent, t in, amber grain. 

About one-eighth of the sample of Kar~i-Safid also consisted of a wheat 
belonging to this class, probably to the sub-variety Avith plump grain, and a 
very small quantity was also found in Shutur Dandan. 

The constitution of the six samples received may therefore he summed 
up as follows : — 

1. 7)wwft~“Ram-fed wheats, 



THE WHEATS OF BALUCHTSTAN 


(a) KaWori consists n\ain]y of a. \vli<\nt. witli v(a‘y short awns 
(var. enjihrohi'imm Kcke.) with almost ti’anshicout white grain, it is uiixcal to 
the extent of abont one-twentieth with a wheat belonging to the same variety 
which is also white-grained but differs from the real KallvH in tlm a mount of 
bearding and shape of the glumes. 

(c) SaJedKhosha consists mainly of wheats belonging to var. (jraecum 
Kcke, with white grain. It is probable that two sub-varieti(^s, one with 
plump, soft, w'hite grain and the other with amber, translucent grain occur. 
There is also admixture to about one-tweuticth of var. eryth'Ds^pertmm- Kcke. 
with red grain and a very small atiiouiit of S/i'idiir Damian wheat. 

(</) ^nrkh Das- consists mainly (ff var. ('nji hr ok aeon Kcke. with large, 
soft, white grain. It contained a fair a.m<mut of Kalkwl and a vtwy small 
amount of tw'o wheats with felted (Oiaff, (me with white and one with rtsl grain. 

2. Ahi, — Irrigated wheats. 

[а) Kar-i-Bajuh This, according to Major Sylces’ re]tort, should be a 
wheat with a white grain. The sample received umler this name (smsiste.d, 
however, in the main (three-( quarters of the wliole) of a, re<l~graiue«l, w'heat 
belonging to var. eryllirofipernimH Kcke. A white-graine.d. snuMhli-chaffed 
wheat (var. (fmeamn Kcke.) formed about one-eighth and a white-grained, 
felted wheat (var. merhUonalv, Kcke.) about one-tenth of tlie, samph*. It aisf> 
contained small amounts of var. Hoslmiwm (lem., var. erylhroleiwon Kcke., 
var. ferrugiwnim Al. and of var. farcivum Kcke. This was t.he most, mixtal 
sample received. 

(б) Siah Daft consisted entirely (d the maearoui wheat, var, niclanainis Al, 
The sample was quite pure and the black colour of the awns well developed, 
although the grain was slightly shrivelled. Tliis wheat is ])robahly identical 
with one of the whtiats of Babwvhistan. 

{(1) Skulur Damian, Thi.s is akso a macaroni wheat. Ixiongiug t<h the 
variety Valmdrr Kcke. This variety (K'.curs nowhere, in India but is reported 
fr(MU Valencia in the Kussian Ihoviuoe of (■harkow and ('hiho The samph*. 
received was badly matured, liaving obviously .sulTeretl froiti drought.. It 
(contained a.s impurities very small amounts (d Am// Dan and of a wheat- 
belonging to var. yraecum Kcke. 

The fact that two of the ahi wheats are macaroni wheal-s whudi rc()uire 
a, large amount of water explains the .statement mad<‘. by Major Rykes tlmt 
ahi seed is never used for daima sowings. 
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The chief cliaracteristics of tlie Khorasan wlieats aie the drawii-oiit 
appearance of the ears owing to their thinness and laxity, the absence of 
coiouTj and the large size of the grain. The long, lax ears with their a%viis 
and glumes adpressed to the rachis form a strong contrast to the thicker, 
squarer ears with bristling av^nie found in India, although these again appear 
thin in contrast with European samples. The grain on the whole is large, 
probably due to the laxity of the ear. The peculiar dead white colour 
found in Baluchistan is also found here and even when the chaff is red, 
it is a very pale red. The only strong colour showm was the black of ti.e 
awns in Siah das, which was very well developed. The dryness of the 
atmosphere was well shown in the clear, shining chaff and straw. 

III. THE BARLEYS OF KHORASAN. 

Four samples (grain) of barley were also received but no ears. 

The following description of the varieties is therefore taken from Major 
Sykes’ report : — 

“ Barley falls under the following headings : — 

1. Daima — 

(u) Siah. 

(&) Kuchani all called dopar or two rows of grain. 

(c) MusIiL 

{a) Ear black ; beard long ; and grain black. 

(6) Ear yellow ; beard and grain yellow. 

(c) Ear, beard and grain white. 

All the above are sown during the month preceding Nauroz (21st March). 

2. AM— 

(а) Jo sJial. 

(б) Jo zard. 

{c) Jo siah. 

{a) Ear is white, thin and long ; grain is w’^hite and thin with long 
beard. Four rows of grain. 

(6) Full ear, yellow bearded, six rows ; gi-ain is big ; ear, beard 
and grain yellow. 

(c) Ear, beard and grain black, with six rows of grain. The ear 
is full. 

The */o is considered to be the best,” 
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Tke following were the samples received 

Ahi . — Jo shal. 

Dadma. 

{a) Siah. i 

(6) Kuchani. 

(c) Muslii. 

The sample of Jo shal was exceedingly poor and thin and had evidently 
been grown under very unfavourable conditions. The three dainia samples 
were better grown but even they had suffered from want of water, the grains 
not being properly filled. The fracture of all three was fair, fhat of Jo knchani 
being the best, while as regards c<dour mmhi was better than Mimil All 
were mixed with wheat and weed seeds and the samj)le of .s’vo/i consisted part. ly 
of black barley and partly of white. It is possible that with good (mH.ivation 
both lawJumi and mushi might give fair malting samples. 


THE WHEATS OP THE KUREAM VALLEY, 
NORTH-WEST FRONTIER PROVINCE, 

I. INTRODtJCTION. 

Through the kindness of Mr. S. E. Pears, i,o..s., Political Agent in 
Knrram, samples of tke various kinds of wheat grown in the Kiuram Valley 
were obtained. Seven samples were sent which were all considered to bo 
distinct varieties by the local farmers. 

The following samples were received : — 

Tract Village Variety 

Rodghara Shakh Red 

Rodghara Shakh White 

I>aman Shiblan Red 

Daman Shalozan Red 

Daman Zeran White 

Daman Zeran Red 

Sahra PAracliinar White 

The Knrram Agency forms part of the North-West Frontier Province and 
consists of a long, narrow valley (length 72 miles, breadth 1 2 to 24.- miles). It is 
bounded on the north-east by the Safed Koh Range of the Himalayas whose 
highest peak Sikharam, 15,620 ft., is at the extreme north-west corner of the 
Agency. Other lower ranges form the boundary on the west and on the south 
and from the southern range runs a spur which divides the valley into two 
parts, Upper and Lower Knrram. Thus Upper Knrram is almost surrounded 
by mountains. The Knrram River, a tributary of the Indus is the only river 
in the Valley. Parachinar (the head-quarters) and most of the villages are 
situated on the wide open plain of Upper Knrram whereas only narrow strips 
of cultivation along the river banks are found in Lower Knrram. In Lower 
Knrram the summer is hot and dry and the winter cold with a bitter wind, 
while in Upper Knrram the summer is never very hot but snow lies on the 
ground for weeks in winter. The highest temperature at Parachinar was 
97“ — 100° and the minimum ll°-8 in 1900. 

Generally speaking, the North-AVest Frontier Province has two wet 
seasons, one due to the monsoon and one to winter storms from Mesopotamia 



wheats OF 

and Fo«i. l,,i„„i„,, ,,i„ .„j 

'Wo- «''“«‘''thouiibettWa.aturo of tho country m(,h„,,,ist i,nm-vor „,. 

rr"niThr“r' t‘“;' '■“ ““ 

1 ! T ■“ *’^' “ ''‘‘“‘ot '"f «' i-wiy. Tiicrc .arc 

W,Tfr«I !'’r*"'““ "* '“"i® aid oilseeds and the spriuo 

aTthoil -■ "'l‘“l“lio tamer is the more valthfe 

although the sprang harvest is now aucroasiug ia, i,„p„rt„noe. 


II. CLASS! PICATION Ai\MJ OKSCRIPTION OP TltP 

WHEATS. 

A. CLalSSlMOATlON OF TJIE WJfEATS OF TIIK KUltK-VJI 
VALLEY. 

TaamuuM vutuAuii Viu.. Common wiituiv. 

I. .Kar.s boarded. : 

1‘ (jilumes smooth. 

A. Glumes ml. 

{«) Grahi rod. 

fer rug imam A\, 

Kiirram Valley Class . I. 

{h) Grain white. 

(n'yt}m>ku(mh Kcko. 

’‘"““Ili"- ■'•"''V.-I.u,,.. 

Kurram Valley Class III Kuv< .1. .. i 

gram short with a distinct hump, y^lW in Um^ ; sW ’ 

B. Glumes white. 

(«) Grain rod. 
var. erythm^iermmn Kcke. 

PHn-ana Valley Claaa IV. „i„., p,, 

pale yclloaviHl, red " ''"'h'. vei-y 
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Kiirrani Valley Glass V. Ears short ; glumes short and rounded ; 
grain short with a distinct hump, bright red in colour. 

(&) G-raiii white. 

var. yraecum Kcke. 

Kurram Valley Class VI. 

B. DESCRIPTION OF THE WHEATS OP THE KURRAM VALLEY. 

Triticum Vulgare Vill. Common wheats. 

Ears bearded or beardless ; outer glumes not heeled to the base ; straw 
hollow ; grain neither long nor round. 

var. ferrugineum Al. 

Kurram Valley Class I. Ears medium, fully bearded ; chaff smooth, 
brownish red ; grain pale red ; straw pink, turning grey on ripening. 

It is possible that the w^heats belonging to this class could be divided 
into two sub-classes with grain of different tones of red but the specimens are 
not well enough grown to state this with certainty. 

Wlieat belonging to this class occurred in all the samples as an impurity ; 
in fair quantity in sample 6 from Zeran, Daman and in sample 1 from Shaki, 
Bodghara ; in small quantity in sample 3 from Shiblan, Daman, sample 5 
from Zeran, Daman, sample 4 from Shalozan, Daman, sample 2 from Shakh, 
Rodghara, and sample 7 from Parachinar, Sahra. 

var. erythroleucon Al. 

There appear to be two classes within this botanical variety, differing in 
the shape of the glume and of the grain. 

Kurram Valley Class II. Ears long, medium, square, fully bearded, 
awns red ; glume-shape normal ; chaff smooth, brownish red with a bluish 
bloom ; grain long, white, somewhat grey in tone ; straw strong, almost solid, 
pink turning black on ripening. 

To this class belong sample 3 from Shiblan, Daman, sample 5 from Zeran, 
Daman, and sample 1 from Shakh, Rodghara, 

Kurram Valley Class III. Ears short, medium, square, fully bearded, 
awns red; glumes somewhat,, rounded, smooth, brownish red with a bluish 
bloom ; grain short with a distinct hump, yellow in tone ; straw thin, pink, 
turning grey on ripening. 
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Tf) this class belongs sample 4 from Slialozan, Daman, and a small part 
(about one- third) of sample 7 from Parachinar, Sahra. 

Single ears belonging to these classes are difficult to distinguish from one 
another but in the mass the wheats present a very different appearance. The 
wheats belonging to Class II are strong and vigorous with a large beard and 
stout straw, while those in Class III are much smaller and weaker, 

var. Kcke, 

There are again two classes belonging to this botanical variety differing 
in the shape of the glume and the shape of the grain, 

Kurrain Valley Class IV. Ears long, medium to lax, fully bearded, awns 
white ; glumes long, smooth, yellowish wvhite with a reddish tinge ; grain long, 
thin, very pale red, yellow in tone. 

To this class belongs sample 2 from Shakh, Eodghara. 

Kurram Valley Class V. Ear, s medium in length, medium to lax, fully 
bearded, awns white ; glumes short and rounded, smooth, white with a reddish 
tone ; grain short, with a distinct hump, red, a deeper red than in Class IV and 
without the yellow tint of the latter, 

Wlieats belonging to this class were only found as admixtures : in fair 
quantity in sample 7 from Parachinar, Sahra, and in small quantity in sample 3 
from Shiblan, Daman, sample 4 from Shalozan, Dainan, and sample 5 from 
Zeran, Daman. 

The difference in the shape and grain colour between these two classes is 
very great. 

var. graecum Koke. 

Kurram Valley Class VI. Ears long, medium, fully bearded; awns 
white; chaff smooth, white with a reddish tone ; grain long, white ; straw 
fairly strong, pink, turning grey on ripening. 

Wheats belonging to this class were only found as an impurity in some 
of the samples. They were found in fair quantity in sample 3 from Shiblan, 
Daman, and in sample 2 from Shakh, Rodghara ; in very small quantity 
in sample 4 from Shalozan, Daman, and sample! from Parachinar, Sahra. 

var. turcicum Kcke. 

Ears fully bearded, awns red ; chaff felted, red ; grain white. 

Only one ear belonging to this variety was found in sample 4 from Shalozaiu 
Daman. 
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The constitution of the seven samples of wheat received may he summed 
up as follows : — 

SAMPLE 1.— White wheat prom Shakh, Rodghara. 

The bulk of this sample consisted of the strong, vigorous, red-chafied 
white-grained wheat, Kurram Valley Class II (var. eryilirdleucon AL). 
About one-eighth of the sample liowever belonged to Kurram Valley Class I 
(var. fe^'rugimum A-l.) which is similar in outward appearance but in which 
the grain is pale red. • 

SAMPLE 2. — Red WHEAT FROM Shakh, Rodghara. 

Seven-eighths of this sample consisted of a fully bearded, white- 
chafied, very pale red-grained wheat Kurram Valley Class IV 
(var. erythrospermum Kcke.) 

It also contained a similar wheat with white grain, Kurram Valley 
Class VI (var. graecum Kcke.) and a small quantity of a wheat belonging to 
var. /ermpwewm AL, Kurram Valley Class I. 

SAMPLE 3.— Red wheat from Shiblan, Daman. 

About three-quarters of this sample consivsted of the red-chaffed, white- 
grained wheat belonging to Knriam Valley Class II (var. eryikrolevcon AL). 
The rest of the sample consisted of a white-chafied, white-grained wheat, 
Kurram Valley Class VI (var. graecum^ Kcke.), -with small quantities 
of two red-grained wheats, one red-chahed, Kurram Valley Class I 
(var. ferrugineum Al.) and the other white-chaffed, Kurram Ahlley Class V 
(var. erythrospermum Kcke.). 

SAMPLE 4.— Red wheat from Shalozan, Daman. 

This sample consisted almost entirely of a wheat belonging to Kurram 
Valley Class III (var. e^'ythroleucmi Kcke.). Small quantities of wheats 
belonging to Kurram Valley Class I (var. fermgineimi AL), Kurram Valley 
Class V (var. erythrosper'mum Kcke.) and Kurram Valley Class VI 
(var. graecum Kcke.) also occurred. 

SAMPLE 5.— White wheat from Zeran, Daman. 

This sample was somewhat immature. The bulk (nine-tenths) con- 
sisted of the red-chaffed, white-grained wheat, Kurram Valley Class 11 
(var. Kcke.) with small quantities of two red-grained wheats, 

one red-chaffed (var. AL), Kurram Valley Class I, and the other 
white-chaffed (var. eryilirospermitm Kcke.), Kurram Valley Class V, 
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SAMPLE 6— Red wheat from Zeran, Daman, 

This sample was rather poor and not so well-grown as tlio others, it con- 
sisted of two wheats onl^. Two-thirds of the sample was composed (d the red- 
ehalfed, white-grained wheat, ICiirram Valley Class II (var, eryth'olmeon Ah) 
and the rest to Knrram Valley Class I (var. ferrugmemn Ah) whwh is 
similar in appearance hut has red grain. 

SAMPLE 7— 'White wheat from Parachtnar, Sahra. 

This sample was the most mixed of all. It was impossildo to make out 
which was the main constituent. About one-third of the sample consisted of 
the red-chaffed, white-grained wheat, Kurrarn Valley Class IT (var. erythro- 
lemon Kcke.), about one-third belonged to tlie white-chaffed.. ro<l“grained 
wheat, Kurrarn Valley Class V (var. eryfhrosjyermvm Kcke.) and the rest 
consisted of small quantities of the wheats, Kurrarn Valley Classes III and VI. 

The most striking point about the Knrram Valley wheats is the paucity of 
varieties. There are only four varieties and six classes. Only common wheats 
occur, the black-awned macaroni wheat s<) common in the North, in the 
Punjab, Baluchistan and Khorasan, is absent. The wheats are very similar 
in appearance. They are all fully bearded with smooth chaff. Only one torn; 
of red is present in the chaff colour, a brownish red with a kind of Iduish bloom 
overlying it, somewhat similar to the chaff of Punjab Type 12 but without the 
blackening of the awns found in this type. The straw in many of these wheats 
shows the peculiarity observed in several of the Punjab wheats, viz., a pink 
colour before maturity which turns grey or black on ripening. One interesting 
point is thepccurrence in two cases, Classes IT and III and Classes IV and V, of 
two wheats morphologically identical except as regardvS glume-shape, grain- 
shape (which is of course correlated with the shape of the glume) and tone of 
colour of the grain. 

The consistency of the grain of all the kinds was soft and no indication 
of c[uality could he observed. They appear all to be essentially weak wheals 
of poor quality. The grains were not well-filled. It is probable tliat, UkS 
everywhere on the Frontier, wheats with a somewhat shorter growing period 
would give a better sample of grain and would grow more urofitablv. Ihuh 
earcockle and hunt were found in tlio samples. 


PusA : 

Oetoher 28, 1915, 



MWCllSTAl „ 

I Se-ali* 5 • ‘W>ni>,00l) 111 - G;H >lilc« to . 1 X 1 Ijicli Sl’hln ITftla 

; . M ile^ / y . ^'’i- 

Native States coloured jiellow / ' ™'' 

Railway's opened and in construction j / • 1 ' / 

I Cinals^.— . j f “U„xfir/i/fr ^ 

n Wk.w:."''L,|„,„,„„ H.. 4 } 

j""' / / fJnniKM,, I'rt.xj ' 

\ /' >K4xi-I.a,], n. 

I .: / •iS-afcua ^ I '‘tintlii-ffhmi 

W&mMiod, 

'^..j^.Ta.raJuuri \{ Otinnushhi. I ,,: ,_ 

30 \J Jt t'n.,. Namiiaaum. 

himilk^iy^6SBj>iShy\\ _ ^ 

1 . \ J ) nas/u-i-Arfiu Ittt - Ak 

.^-Wx-.xxxv.x^. xJ 

■'I''--,-' x%rfajj^i?-(im„a 5 .VuX/Oiifc ir 1 ° \ j o ''''«*«< „ /'T 

V I S<vn4^ Js ' 

c\ A. 


Nawnii.lOum. 


■ iSamapJc S ^ ^ 


n-T3!4^i,.A •'■; c| \\k/'i6*^'(!l A^'"‘^''“!' /..S^ 


ynw-y 


7“L 

S /A R A W,% 


'^ah(aisaUm,t 


,\4i.A />,„4 if/ rr7l--^“«f”''A'v^7 ;T a a ■ 


o^^fh A;™, 


yC' (roranio < 4 . ,-<*"^ 1 :. w 'nuiltn> ',<■* ■ j\.«v ^ 

1 ^^ A'nrJuit I j )j J } I ) ( f J ,1 V x'^Nal { 

J '^''m««u^mu^/LaUJ J l i w\ Nj 


'3k % / i n ^vr4?tKA^-^' ' 

^ '''"t J/ } / y u ' ] > I ^ /J "y/y t 

'A V- “niA-AAn' 


/7 i? / A .', 

fCitlat (' /~;.t:Trw''* t J ,ST ^Onitwl^ _ ^ 


p , yoiuiliajj j 

V -f t' u £ a Ji an 

}Baf atari 


. E:. .. ^ ^■"*'^1 f 1 , f { j ‘1,’fn/iui. 




j ^ ^ e /t t r d I ^ ; 

Zaie/i7r'^sS2^"' .'tj ^^^r'Avw 




A/«WT I [ E 


4V T rp- TT'/ I 

/(T ^ZspiA-itn limharuik \{ /o'^katij , ( ^ V 

’^goc.l^ ^ r/ao^n‘^ /ilvBela ^‘-^i 


Aijj: ' 

. n / At / „ 




,y -i 




iv-^"'*^ 5 • J i !y •*■' 

/y *A^ I Cj6l.a^ ^ a / ,x^x «> 




OBSERVATIONS ON THE INHERITANCE OF 
AiNTHOCYAN PIGMENT IN PADDY 
VARIETIES. 


BY 

G. P. HECTOE, M.A., B.Sc., 

Economic Botanist to the Government of Bengal. 

[ Eieceived for publication on fche 27th Docembor, 1915.] 

A considerable proportion of paddy varieties are characterized by the 
presence of reddish and purplish anthocyan pigment distributed throughout 
various parts of the plant. The varieties so far studied at Dacca may, 
with reference to the distribution of the pigment, be broadly classified as 
follows:— 

(1) Leaf-sheaths, apiculus of the glumes, and stigma coloured. 

(2) Leaf-sheath and apiculus of glumes coloured, but stigma colour- 

less (white). 

(3) Apiculus of glumes and stigma coloured, but leaf-sheaths colour- 

less. 

(4) Apiculus of glumes only coloured. 

Class 1 is the commonest group— 2, 3 and 4 containing comparatively 
few members. 

The colours concerned range from red through purples to almost black, 
and it is noteworthy that in some of these coloured types the colour in the 
stigma is a darker shade than the colour in the leaf-sheath and apiculus, and, 
as will be shown below, appears to contain in such cases additional colour 
factors not present in the leaf-sheath and apiculus. 

It is somewhat doubtful if classes 3 and 4 really exist. The apparent 
absence of colour in the leaf-sheath in these cases may, as is suggested by 
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Graham^ with reference to the Central Provinces’ varieties, perhaps be dne 
to the fact that the colour is of so faint and fleeting anatuit as to escaj. 
detection, more especially so as the intensity of the colour appears to be con- 
siderably aiffected by environmental conditions. Moreover, all paddies so 
far examined which have a coloured leaf-sheath seem also to have a colouiid 
apiculus, and as Grahami states, the converse may also be true, as the 
colour in the leaf-sheath and apioultis seems to be the same and behaves in 
inheritance as if due to the same factors. 

The colour in the stigma, on the other hand, does not always correspond 
with the leaf-sheath and apiculus colour. It may be colourless, though 
colour is present in the leaf-sheath and apiculus, or it may be of the same 
colour as the leaf-sheath and apiculus, or it may be of a darker shade, Ihe 
colour in the leaf-sheath can geiierally be detected in the cotyledonary loaf of 
the young seedling, if fully exposed to sunlight (c/. Plate I, fig. 1), and 
counts of this character can he made in seedlings of a few days old. 

The following observations on the inheritance of these colours have been 
made incidental to work of a more practical nature. Their complete elucida- 
tion will involve a long series of analyses extending over some length of time, 
but the results so far obtained show that their inheritance is on the same 
lines as have been proved to hold in the case of Lathyrus, Matthiola, 
Antirrhinum and Primula investigated by Bateson, Punnett, Saunders, ^ 
■Wheldale,3 Gregory^ and others. The results quoted have mostly been 
obtained from the analysis of the offspring of natural crosses, but some 
results from artificial crosses, so far as available up to date, are also 
included. 

(1) The 9 : 7 ratio in the leaf-sheath. 

In the season of 1912, forty-eight natural crosses characterized by the 
presence of red pigment in the leaf-sheaths were found in our pure line plots, 
and in 1913 these all split in the seed-beds into various coloured reds and green, 
the total number of the reds to the green being 12,122 to 9,007, a close approxi- 
' mation to the now well-authenticated Mendelian ratio 9 : 7, the expectation 

1 Graham, E.. J. D. Preliminary Note on the Classification of Rice in the Central 
Provinces. Memoirs, De'partment of Agriculture, India, Botanical Series, vol. VI, no. 7, 1913. 

2 Bateson, W., Saunders, B. R., and Punnett, R. 0. Reports to Evolution Com. Hoy. 

1906, page 31. 

3 Wheldale, M. Inheritance of Blower Colour, in AniirrMnum majus, Froc. Hoy. Soc,, 
79 B., 1907, page 288, etc. 

4 Gregory, R. P. Experiments with Primula sinensis. Journal of QenSica, I, no. 2, iMf^roh 
1911, pages 94— 124. 
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on this l,a,si. boi.^ 11,886-1 to 9,243-9. Two to tlu'ee busted seedlings from 
eacli of loi ty-livo of tliese eeod-bods were faansplaiited at random in tlie field 
and m «,.c same year subaeqiuent eounte of tbe mature plants gave 6.266 
reds ; 4.840 green, tbe expectation being 6,249-94 : 4,881-06, a stiU closer 
approxijna.tion to fche 9 : 7 ratio. 

In tbe years 1913 and 1914 detailed counts were also made in tbe field 
of 10 plots raised from similarly coloured natural crosses selected for tlioii- 
colour obaraoters in 1912 and 1913, and tbe results are tabulated below 


Table I. 


(Serial No. 

JLeaf'Sheath rod, 
Apiculus rod 

Leaf-sheath green. 
Apiculus green 

Expectation 

No. 20. I'JUl 

106 

76 

102*4 : 79-6 

„ 22, 1914 

63 

49 

63-0 : 49-0 

, as, 

58 

60 

66*4 ; 51-6 

24. „ 

58 

49 

60-2 : 46*8 

.. 25, 

57 

56 

63-6 ; 49-4 

29, „ 

80 

,34 

64*2 : 49-S 

„ 39, „ 

70 

43 

63-6 : 4fl"4 

, , 57 > 1 , 

81 

13 

52-9 : 41-1 

SO, 

75 

39 

64*2 : 49-8 

„ 64, „ 

•23 

12 

19-7 : 15-3 

Total 

671 

431 

719-9 : 482*1 


Adopting the notation employed by Bateson, Saunders and others, if 
K be considered the factor which in presence of a chromogen base 0 produces 
the red colour, then the simplest explanation of these cases is to suppose that 
the coloured parent was of the constitution OR and the green (colourless) 
cr. The Fj hybrid will then have the constitution RrCc, and on seifing will 
give rise to plants of the following constitutions : — 

9RC— red, 

3Rc— green, 

3Cr — ^green. 

Icr — green, , 
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On this hypothesis,, it is seen there will be foiir kinds of icds, viz . : .R.K.O(J 
KrCe, ErCO, RECc. No attempt has so far been made to sort out the. diife.rojdi 
shades of red, but it is undoubted that various shades of rod do (xjciir i.u tho 

In reality, however, as will be seen from further examples disousso<l 
below, the constitution of the parents may have been much more complicated. 

(2) Exam/pies 0 / 3 : 1 ratios. 

In a few cases the simple 3 : 1 ratio has been obtained. An example 
of this was afforded by the heterozygous type Ba .1, noted in a fornier paj)er,>^ 
pickedfroma variety named Gobrabali in 1911. The parent had a rod 
cuius to the glumes, red awns and a coloured stigma, and in 1912 split into 

1. Red awns, glumes with red apiculus, coloured stigma, 73, 

2. White awns, glumes with green apiculus, white stigma, 23, 
giving a ratio 3-17 coloured : 1 colourless. Hero the colour in apiculus, awns 

stigma behaves as a single unit and may perhaps be due to the same 
simple factor or to the same iutciacting factors. If the latter, the simplest 
explanation would be to suppose the parent heterozygous for one of the factors, 
constitution EiC or ROc. 

of these coloured plants selected in 1912 again split in 1913 in the 
proportions shown below : — 

Table II. 


Coloured awns, 
apiculus and 

shiffiriii. 


White awns, green 
apiculus, white 
stigma 


3-{!5 ; 1 
‘2-4 : I 
2-0 : 1 
3-2 :t 


Notes on X’ollination and Cross-fertilization in the Common Eice Plaijj, 

i!n;{ 


G. P. HECTOH 
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Another case of red colour giving the 3 : 1 ratio affected the apiculu.s 
of the gliinies only. A hybrid parent with red apiculiis to the glumes Imt no 
apparent colour elsewhere selected in 1912, gave in 1913, 75 plants with red 
apiculus : 25 with no apiculus. 

The above cases are all from natural crosses. In 1913 several artificial 
crosses were made between a wholly green variety (Pookhi, Plate I, figs. 5-8) 
and a variety with marked reddish colour in the leaf-sheath and glume-apex, 
and a purple colour in the stigma (Pankhiraj, Plate I, figs. 1-4). The Fj 
plants (1914) showed the colour characters almost w^holly dominant. 

In 1915 the following results were obtained with reference to colour 
characters ; — 


Coloured eaf-ahoath, 
apiculuH and stigma 


Colourless Ratio 


No. 1 Pookhi 


Pankhir; 


5 Pankhiraj 


Pookhi 


Total 


Here, again, the colour in the leaf-sheath, apiculus and stigma behaves 
as a single unit and may be due to one simple factor ; or it is necessary to 
suppose that the green parent possessed one of the factors necessary for the 
production' of colour, but was lacking in the other, i.e., that the cross is of 
the nature RC x rC or Rc. 


(3) Purple colour in the stigm.a due to three interacting factors. 


■ It has been noted above that in some of our types with colour in the 
leaf-sheath, apiculus and stigma, the colour in the leaf-sheath and apiculus 
is some shade of red, while that in the stigma is a deeper purple. Graham^ 
states with reference to the coloured varieties in the Central Provinces that 
where the stigma is coloured, the colour of the stigma corresponds with the 
colour in the leaf-sheaths ; th se with red leaf-sheath having a red stigma, 
those with bluish or purplish leaf-sheath having a blue or purple stigma. 

’ Graham, he. cit. 
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We Kave not found tHs to be tbe case in all out types, many having soiue 
shade of red in the leaf-sheath, but a blue-black colour in the stigma, and 
the evidence quoted below proves that in some of these cases this puTph; 
stigma colour appears to be due to the interaction of three factors, andfui'tlier- 
more that the simultaneous presence of all three appears necessary foi' the 
production of colour at all. 

The cases discussed here with reference to the stigma colour are the. 
same as those quoted above (Table I) in which the leaf-sheaths gave the 9 ; 7 
ratio. The parents, selected in 1912 and 1913, had reddish coloured leaf- 
sheaths, red apiculus and blue-black stigmas, and in 1913 and 1914 gave 
the results below : — 


Table III. 


iSei'ial 

No. 

Leaf-sheath 
red, apicu- 
lusred, stig- 
ma colourec 
of various 
shades 

Leaf-sheath 

red; 

apiculus 
red . 
stigma 
white 

Leaf-sheath 

green, 

apiculus 

green, 

stigma 

white 

Coloured stigma 

White stigma 

E.vpcctation 

22, 19U 

44 

19 

49 

44 

: 68 

•I7*2 

64-8 

33, „ 

42 

16 

60 

42 

76 

40-7 

68-3 

24, „ 

40 

18 

19 

40 

67 

15-1 

61-0 

25, „ 

40 

11 

56 

46 

67 

47'6 

65-4 

29, „ 

47 

1 33 

34 

47 

67 

48’09 

65-9] 

39, „ 

42 

28 

1 43 

42 

71 1 

47*5 

im 

57, „ 

14 

67 

13 

14 

80 

39*6 

5 hi 

20, 191.S 

78 

28 

76 

■ 78 

104 

76-7 

i()rv3 

30, 1914 i 

62 

13 

39 

62 

52 

48-09 

, 65-9! 

64. „ : 

22 

1 

12 

22 ; 

13 

14-7 

20-3 

Total ■ 1 

437i 

234 

431 

437 : 

665 

465-7 ; 

; 638-3 • 


If we again adopt the usual notation for such cases, the above results 
could be p’oduced by supposing that (1) the colour in the leaf-sheatli and 
apiculus is due to a colour factor B acting on a Cliromogen base C, (2) tliat, 
the purple colour of the stigma is due to a further factor P not present in tlu' 
leaf-sheath and apiculus, and (3) that the simultaneous presence of all three 
factors BCP is necessary for the production of colour of any sort in the 
stigma* 


If this explanation is correct, then the constitution of the Fi plants 
with refci-ence to the stigma must be Cc Rr Pp and these on selfing will give, 
rise to ; — 

(1) 27 plants of constitution GRP— coloured .stigma, red leaf-sheatli, red apiculus. 

(^) jj „ OR — white 


(3) 

(4) 

(5) 

(ft) 

(7) 

(3) 


PR- 

OP— 

R— 

a~ 

p- 

crp- 


green leaf -sheath and apiculus. 


i.e.) 27 coloured : 37 white stigmas or 1 : 1-3. 

Tio mtarestmg point in these cases lies in the fact that the 9 plants of 
ooustitution OR would normally be expected to have stigmas of a reddish 
colour like the leaf-sheaths, as both the factors necessary for the production 
of red colour in the leaf-sheath and apiculus are present here in the stigma, 
the purple factor P only being absent, but in not a single case could a trace 
of colour be foUud in these. What the explanation of this is has not yet been 
determined. A possible explanation is that there is here some factor in the 
stigma which inhibits the production of the colour, except when the additional 
factor P is present. If so, then these white stigmas of the constitution CE 
should prove dominant over similarly constituted red stigmas amongst coloured 
types. Amongst the coloured stigmas, it was possible to detect various shades, 
some apparently red. but no attempt has yet been made to separate these 
This also would explain the occasional occurrence of pure-breeding types 
with coloured leaf-shexths, apiculus and white stigma, the second class referred 
to in the beginning. Such types may have been produced through the agency 
of natural crossing and some may prove to be dominant whites. If so, then 
these oases would seem to be comparable to the red-stemmed, dominant 
white flowers described by Gregoryi in the case of Primulas. 

Assuming this explanation, in the F, generation out of every 27 coloured 

stigmas, 

1 should produce coloured only. 

® 55 3 coloured : 1 white. 

^2 „ „ 9 coloured : 7 white. 

® 5 5 55 27 coloured 37 white. 

and it should also be possible to produce the colour by inter-crossing many 

of the white, s. ^ 


Gregory, he. cU., p. 115. 
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(4) Ooloiir due to three and four interavMiig fadorn. 

The cross discussed below was made iu the season 1912 lietwoeu n wliolly 
green, awnless variety \vith white stigma, Chittagong No. 25 (Idu-te II, iigs. 
5-8), and a variety with reddish purple leaf-sheaths, apicnliis and aw.ns, iuid 
a deep blue-black stigma, Chittagong No. 9 (Plate 11, ligs. 1-4:). if our 
successful crosses were obtained, but unfortunately during the absence of 
the writer on tour, three of the Fj plants were eaten by insects and the result 
of only one, C25 ? X C9 9 are so far available. The cross has since been 
repeated, but the results will not be forthcoming for another year. 

In the El the colour characters appeared to bo almost wholly dominanl;, 
though the colours were not quite so pronounced as in the coloured ])ar{mL 
Five hundred and twenty-nine plants were bred to the Fa generation during 
the season 1914: and gave the following figures with reference to colour 
characters:— 

(1) Bed leaf-shcaths ; ml apiculus ; coloured .stigma .. 180 | 

(2) „ » white stigma . . 70 / i 

(3) Green leaf-shcaths ; green apiculus ; „ .. 27!> i' 

i.e., coloured leaf-.sheath and apicnhis 250 : green . , 279 
Expectation 22iM : . . JJOS’S) 

Coloured stigma , 180 : white 849 

Expectation 107*3: , , 301 *7 

Confirmation of the above figures lias also been obtained from the 
analysis of the offspring of a natural hybrid selected, from the pure Hue 
plot of Chittagong No. 9 in 1914, only in this example the mob' 
parent is unloiown. In the present season 1915 the following figures were 
obtained 

(1) Bed leaf-sheath ; rod apiculus ; coloured stigma 

(2) „ . „ white stigma 

(3) Green leaf-sheath ; green apiculus ; white stigma 

■i.e., coloured leaf -sheath and apiculus 47 : green 

Expectation 41*7 : 

Coloured stigma 28 : white 

Expectation 31*3 : 

Here the figures closely approximate to the expectation on a basis of tlu'iM'. 
imjeracting factors for the leaf-sheath and apiculus colour, and four for the 
stigma, otherwise this case is exactly comparable to those in Tabic .III, au<l 
the coustitLition of the F 2 types will be as under, using B for tlu', ex lira 
colour factor in the stigma : — 

81 — CEPB — Coloured leaf-sheath, apiculus and stigma. 

27 — CKPb — „ „ , stigma white. 


. . 28 j 47 

.. 19) 

.. 52 I 
. . 52 

. . 57*3 
..71 
. . 67*7 


,.11 %0 MOIT-AHAJ^IXS 

,(> b* «.nflbiv)8 .{' 

.«.!.l.iv(3{>((K'U{'d Jio-iiioloo pji'vfAnhi .Si 

hfnifolu.o j>/.(rv/odfes :]«> fi'.nnxi'iM Z 

..telo/liqa d'lJt.fxiM .b 
vJlojlv/ jCi: 3o giii{i)fiY8 .0 

.iiyy'ij* '^Uoilv/ .xyfli.J yjiilxiiiS .b 
xs(ji'.\i4'3 .hfjxi h'rtJ'olo;) on <:uiv/oild id if.yxMi'tif ,T 

.aJ-Mw 

.>t'>Iwiiq.v. r/ujiUiM i> 


1 % 1 . 
» 2 . 

„ i. 


EXPLANATION 


P'LATL II. 


Smliillg of Oitit.f;a-.»U.r 9 sllnwl,... -r 



"It" -W,„, 

Mature 
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27— CEBp— Green leaf-sheath, apiculus, s%ma white. 
27 -cEPB- 
27— rCPB— 

9— pbCE— 

9— rbPC— 

9— rpBC— 

9— cbEP— 

9— crPB— 

9— pcBE— 

3— rpbC— 

3 — cpbE— 

3 — rcbP— 

3— crpB— 

1— rcpb— 

Assuming the previous explanation, in this case, as well as dominant white 
stigmas, there should also be found greens amongst the types with green leaf- 
sheath and apiculus dominant over red coloured leaf-sheaths among coloured 
types, and it should be possible to produce colour in the leaf-sheath by inter- 
crossing many of the greens. Such green types are really coloured but by 
virtue of their containing some inhibiting factor or factors which prevent 
the appearance of the colour except when all the colour factors are present, 
the colour is not produced, and the result is a plant with a green leaf- 
sheath. 

Amongst the 81 plants with coloured stigmas there wiU be stigmas of 16 
different constitutions, which should in the Pg produce coloured : colourless 
in the proportions below, W 2 ., 

1 should produce all coloured. 

^ 3, 3 coloured : 1 white. 

24 „ 9 „ : 7 

^2 „ 27 „ ; 37 

16 „ 81 „ :175 

Amongst the 16 differently constituted stigmas, there should be also a con- 
siderable range of colour and it was possible without much difficulty to make 
out 4 main classes, viz., blue-black, blue, reddish brown, and red. 

The leaf-sheath colour, on the other hand, should behave in the Fg in the 
same way as has already been pointed out above in the case of the stigma 
with three factors. All the coloured Pg plants from the cross 0 25 $ x C9 9 
have been sown in the present seaSon 1916, and the following table gives the 
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result f 01 ieaf-s}ieat}i colour in 107 I’a plots picked at raudoiii from t]ies( 5 . 
The figures again show a close approximation to the expectation on a basis of 
three interacting factors. 


R ; G 
27 j 37. 

No. expected 32 


Plant 

No. 

1914 


— 



— 

2 

92 

103 

7 

74 

111 

10 

74 

100 

11 

88 

95 

15 

74 

80 

30 

90 

103 

37 

28 

77 

48 

95 

96 

57 

78 ; 

100 

73 

33 

152 

76 

87 

101 

77, 

54 

137 

79 

75 

116 

80 

33 

141 

81 

66 

86 

84 

100 

198 

88 

67 

133 

89 

89 

109 

94 

84 

86 

100 

37 

149 

103 

85 

91 

104 

65 

89 

105 

99 

100 

108 

S3 

93 

112 

85 

91 

119 

60 

71 


Total 26 


1895 : 2808 


Expected 32 1984-07:27 18-9 


R : G 

9 : 7. 


R ; G 
3 ! 1 


No. expected 48 

No. e> 

Plant 



Plant 

No. 

191 

5 

No. 

1914 



1914 

3 

38 

26 

12 

4 

99 

51 

18 

5 

102 

78 

21 

6 

90 

90 

25 

8 

95 

91 

28 

9 

92 

48 

31 

13 

62 

61 

38 

14 

97 

62 

40 

16 

163 

144 

41 

17 

112 

74 

56 

19 

91 

68 

59 

22 

124 

71 

61 

23 

102 

95 

62 

29 

41 

35 

65 

35 

109 

67 

78 

36 

104 

73 

82 

42 

103 

76 

83 

45 

89 

76 

85 

47 

98 

80 

93 

50 

no 

61 

95 

52 

101 

89 

96 

53 

96 

79 

97 

57 

77 

76 

99 

60 

73 

69 

no 

. 63 

98 

87 

111 

64 

99 

89 

114 

66 

106 

83 

131 

6,8 

118 

65 

143 

70 

59 

41 


71 

103 

75 


72 

140 

67 


74 

89 

84 


75 

102 

86 


86 

100 

89 


87 

100 

97 


101 

110 

85 


102 

127 

67 


107 

101 

88 


109 

126 

77 


113 

101 

98 


121 

100 

96 


122 

100 

77 


42 . 

n.56 : 3191 

28 37 

48 ^ 

132-7:32I4-3 

24 37 


173 : 
138 : 
153 : 
117 : 
148 : 
J27 ; 
112 : 
156 : 
112 ; 
123 ; 

134 : 
130 ; 
105 : 
121 : 
129 : 
10 () : 

135 : 

151 : 

139 : 
160 : 

140 : 
158 ; 

152 ; 
113 ; 

60 : 
100 : 
160 : 
160 ; 


Pure Red 
No. expected 4 


Plant 

No. 

1914 


1915 


J 
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As regards stigma colour, the numbers could be counted in only a few 
plots, owing to the short period of time in which it is possible to determine 
stigma colour accurately. Hence it has not been possible to verify the relative 
proportions in which the different types of splitting occur, but apparent 
examples of all the different ratios of coloured : white expected, viz., 3 :1, 
9 : 7, 27 : 37, and 81 : 175 have been found, as shown below ; — ■ 

1. Leaf-slieath pure red, stigma ratio 3 ; l. - , 

Plant No. 27. i 

Leaf-sheaths and glume apex coloured, stigma ooloured ..129 
” „ ,, „ white .. 49 


2. Leaf-sheath ratio 3 : 1, stigma 9:7. 

Plant No. 31. 

Leaf -sheath and glume apex coloured, stigma coloured 
» » „ „ white 

»» », green, „ white 


Leaf-sheath and glume apex coloured, stigma coloured 
»> „ „ white 

» », green, „ „ 


Leaf-sheath and glume apex coloured, stigma coloured 
” >, »> „ white 

» » green, „ „ 


Leaf-sheath and glume apex coloured, stigma coloured 
» », „ white 

» „ green, „ „ 


Leaf-sheath and glume apex coloured, stigma coloured 
»» ,s ,, „ white 

»» „ green, „ „ 


. 98 i 

127 

. 29 f 

1 

. 58 

1 87 

. 104-06 f 

138-8 

34-74 \ 

46-2 

I 80-9 

. 85 i 

113 

. 28 ) 

• 41 

i 69 

. 86-6 i 

1 116-6 

28-9 I ) 

38-5 

f 67-4 

. 1341 

173 

. 39 n 

. 54 

f 93 

. 127-6; 

1 170-3 

42-7 f 1 

56-7 

f 99-4 

. 99) 

136 

. 36| 1 

. 55 

i 91 

. 106-8 1 

t 142-6 

36-71 

1 

47-5 

/ 83-2 

. 1241 ■ 

161 

. 27/ 1 

. 31 j 

i 68 

. 102-3/ 

136-6 

34-21 1 

45-5 

J 79-7 


Expectation . , 
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PlantNo.40. 

Leaf-sheatli and gliitncv apex coloured, stignia coloured 
» „ „ „ white 


Expectation . . . . . , 

3, Leaf -sheath ratio 9 ; 7, stigma 27 ; 37. 

Plant No. 16. 

Leaf-sheath and glume apex coloured, stigma eolourenl 
„ „ ,, „ white 

„ green, „ „ 

Expectation . . , . , , . . . 

Plant No. 64. 

Leaf-sheath and glume apex coloured, stigma coloured 
j» „ »> „ white 

green, ,, „ 


Expectation .. 


Leaf-sheath and glume apex coloured, stigma coloured 
„ „ M » white 


Expectation . . . . ., 

Plant No. 101. 

Leaf -sheath and glume apex coloured, stigma colourt'd 
„ . » ,» » white 

» »r green, „ „ 

Expectation .. 

4, Leaf-sheath ratio 27 : 37, stigma 81 : 175. 

Plant No. 2. 

Leaf -sheath and glume apex coloured, stigma colotired 
>» s> M „ white] 

»» » green, „ « 


Expectation , . 


Plant No. 10. 

Leaf -sheath and glume apex coloured, "stigma coloured 
• s, jj „ ,, white 

» >» green, „ „ 


100 1 

160 

r>() } 1 


73 / 

120 

128-8\ 

171-8 

43-0/ 

t 

57-2 

! 100-2 


107 \ 

163 

56 f i 


144 1 

200 

129*5 1 

172-7 

43-2 f 

1 

134-3 

f 177-5 

751 

9<.> 

241 \ 


89 / 

113 

79-3 1 

106-8 

26-5 f 

1 

82-2 

f 108-7 

401 

69 

191 1 


41 f 

00 

42-1 1 

56-3 

14-2/ 1 


43-7 / 67-9 

831 

no 

27/ \ 


86 / 

112 

82-21 

27-5/ 

109-7 

1 

86-3 

f 112-8 


78 1 

92 

19 f 

1 

103 

f 122 

61-6 \ 

82-3 

20-7 f 

1 

112-7 

/ 133-4 

461 

7-1 

28/ 1 


100 / 

128 


56-05 1 73-6 

18-5 


Expectation 



Q . P. HEOTOE 


101 


Conclusions. 

The main conclusions to be derived from the above results are 

1. The colours in the leaf-sheaths, glume apex and stigma of certain 
paddy varieties appear generally to be due to the int'eraction of several factors. 

2 . In certain cases the colour in the stigma is of a higher order than 
the colour in the leaf-sheath and glume apex, and is due to the presence of an 
extra factor not present in the leaf-sheath and glume apex. 

3. Where the colour has been found to be due to the interaction of 
more than one factor, the simultaneous presence of all colour factors appears 
necessary for the production of colour at all 

Dacca, | 

December, 1915. J 



STUDIES IN INDIAN SUG ARCANE, No. 2, 

SDGARCANE SEEDLINGS, INOLDDING SOME OORBELATION8 
BETWEEN MORPHOLOGICAL CHARACTEBS 
AND SUCROSE IN THE JUICE. 

BY 

C. A. BARBER, Sc. D. (Cantab.) 

Government Bugamane Expert, Madras. 

Introduction. 

Om of the most striking features in any batch of young seedlings, raised 
from common parents, is the variation among them in small particulars. This 
is true of cane seedlings as well as of other plants (PI. I). They differ in 
size and shape, width of leaf and thickness of stem, colour marks in various 
parts and habit in general. As to the latter, the seedlings may vary from 
upright bushes to oblique, sprawling or prostrate. The tips of their leaves 
may be strict, erect, rapier, or bayonet-like in their rigidity, sharply bent or 
curving broadly and gracefully. The colour of their sterns^ may be yellow, 
green, or white, tinged with pink, purple, red or claret, striped in various 
ways, shiningly smooth or thickly coated with white waxy bloom. The leaf- 
sheaths are less easy to describe, but here, too, we find all variations in colour 
between light green and dark chocolate purple, through various stages of reds 
and blues. 

We now know, from the chemical analysis of these seedlings at harvest, 
that their juice also varies extraordinarily in the quantity of sugar that it 
contains. This is in keeping with the fact, noted in other cultivated plants, 
that seedlings tend to vary most in the character for which they have been 
selected. And the temptation is irresistible to try and correlate the various 
infantile characters mentioned above with the richness of the juice of the 
mature jolant at crop time. Such a.n endeavour is, however, fraught with 
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(lirficul4y, and yet any success in such correlation will obviously h(^ of tlie 
greatest assistance in the early selection of now and better canes for (ailtiN’a- 
tion. An enormous amount of laboxir is now ])eing devoted to work of Ibis 
kiml, es])ccially in the United States of America, where, among many otlier 
plants, apple trees are minutely studied in the seedling stages to try and find 
early indications of good new varieties. The work of cane-breeding, as (‘om- 
pared with that of most other plants, is characterized, by its extreme slowness, 
and any means of quickening its progress will be of great value. To grow a 
seedling cane from seed to maturity and to analyse its juice takes up the best 
part of two years. It is even then impossible to gauge its ultimate value, as 
it is necessary to cultivate it for several successive seasons before the nai.uval 
vigour of the seedling has abated and its true growth character is nuderstoi <1, 
so that it can be put out for further trial on a eroj) scale in the fields. Bnch 
is the experience gained after a quarter of a century of work in this dirtN'.tioji, 
and any attempt at shortening the period of testing is subject to the danger 
of distributing unsuitable varieties, and thus raising doubts as to tjie advan- 
tages to be gained by this method of improving the industry. 

Comparisons are often made between the rela.tive progress in the improve- 
ment of sugarcanes and sugar beets by the selection of seedlings. We must, 
however, at the outset, bear in mind that, while the beet was practically a 
wild plant as regards sugar content a hundred years ago, selection in the eaiic 
for sugar extends to the remotest past. It is an unfortunate fact that, 
despite the enormous number of cane seedlings raised, we have not made any 
marked progress in our search for canes with richer juice which arc at the same 
time profitable in cultivation. Tlie average sugar content of tlm caiH'.s culti- 
vated is not appreciably greater than it was before the first seedlings were 
raised. The great forward strides made in the industry by tlie inf. reduction 
of seedling canes have been rather in the direction of obtaining sound canes 
yielding a certain crop, one less liable to the ups and downs caused by weather 
and disease. The former, time-honoured, method of selection was slow and 
sure, but it was eminently successful, and it may take us many years before 
we can emulate it by producing such magnificent canes as the Bourbon and 
Cheribon, guaranteed to maintain their high qualities for the be.st part of a 
century. With the crop assured, however, immense advances have also been 
made possible in the directions of management, machinery and cultivation. In 
the sugar beet, the quantity of sugar in the roots has been enormously increased 
by a system of suitable selection. But it takes little thought to see that the 
conditions of the two rivals, apart from their history, are intrinsically different, 



PLATE I. 





0 months old, showing similar variations, as well as, 
in width of leaf. 


market 
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The present contribution to the study of sugarcane seedlings in fiuliu, is 
divided into four sections, and it has been foiuid convonieut to intercalate 
summaries of the work in various directions carried out on tln^ Canc"b)'c<;(ling 
Station during its first three years. The first section deals with tin*, material 
available, and contains an enumeration of the seedlings thus far raised, with 
notes as to the chief difficulties encountered and the means by wdiicli tiu'se 
have been overcome. The second discusses the differences noted in the youthful 
characters of the seedlings before planting out and at maturity. The next 
section treats of the mode of analysis adopted and the variations in the juice 
of the seedlings as regards sucrose content, and the last summarizes tin' corre- 
lations thus far studied between the characters of maturf^ seedlings and tlu* 
amount of sucrose in the juice. Because of the iiitrodmdion of results of 
smaller detached pieces of wajikat various points in the coui'S('. of the luuTaf Ive. 
it has been considered advisable to append a sununary of the.se at tb(‘ end of 
the paper. This summary is not intended to be exliaustiNM^ l)Ut, (buds ehietly 
with minor matters which might otherwise be lost siglit of. 1 wish to rec(u*<l 
the fact that I have been greatly helped thrmighout by tJie enlJiiisiasm of 
various members of my staff, aud that the carrying out of much of tiie work 
de, scribed has fallen to theii- lot. I would espeeifJly mention my indebtedness to 
my First Assistant, M. E. Ry., T. S. Venkataraman, vv])o has, tJiJ’oiighoiit, helped 
me with observations, criticisms and willing work, and to Fieldman E. Thomas 
to whom has been entrusted the delicate w^ovk of marking down and bagging 
the arrows, and raising the seedlings until they were fit for plaid ing in the field. 
The latter has also greatly assisted me in my observations on tlm variations 
in young seedlings. The chemical analyses, other than those don<* by l)r. 
Harrison’s assistants, are the wnuk of my Chemical Assistant, M. E. Ey., K, 
Krishnamurti Rao. 


EN'UMEKATION OF SEEDLINGS. 


L Period 1911-13. 

Cuitivatioii of the sugarcane in India is extremely ancient, and in many 
parts of the country it has laid a firm hold on the time-honoured rotation of 
crops. But this cultivation has not been progressive of late years, partly no 
doubt owing to the fact that the jaggery or gur which is its object is not 
exported to any considerable extent. The Indian gur market is self-contained 
and therefore unaffected by the wave of progress which has lately swept over 
agriculture in the tropics. But with regard to sugary the matter is very differ- 
ent for, while in former times India took a prominent part in the manufacture 
and export of this substance, the local production has not kept pace with that 
in other countries and, in fact, sugar manufacture in India is a negligible 
quantity, and increasing supplies are introduced every year to meet the 
growing needs of the people. The Government of India has recently devoted 
marked attention to this matter and, as there appears to be no intrinsic reason 
why India should not produce its own sugar, work has commenced in the 
Agricultural Department on this staple in two directions. In the fi.rst place, 
the local methods of manufacture need revision and, in the second, the class 
of canes grown is of very poor equality. The latter subject having been exhaus- 
tively discussed at the Meeting of the Board of Agriculture held at Pusa in 
November 1911, it was decided to found a cane-breeding station whose main 
line of work was to determine the possibility of raising cane seedlings, and 
thereby to introduce new and improved varieties suitable to the local conditions 
of the country. This station has been located at Coimbatore in the Madras 
Presidency, where the canes are known to flower profusely year by year. It 
was opened in April 1913, but a certain amount of preliminary work was first 
done in the Botanic Garden attached to the local Agricultural College. 

In the first seed pans laid down in the garden, many apparent cane seedlings 
turned out to be of those of common grasses whose seed had accidentally crept 
in but, early in 1912, some fourteen -were obtained which proved to be seedlings 
of local varieties of sugarcane. The question as to whether sugarcane seedlings 
could be raised in India, about which there had been considerable doubt, was 
thus satisfactorily solved. But this meagre result, after sowing many seed 
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pans, led to a detailed study of th.c caiic iufloresccucos. ^riiese wci‘e caTcCully 
examined for ripe seed without success. It was ludod, liowevor, ihnt in 
many of the flowers the stamens wore poorly devclop(Hl a.nd (he ii.nth<'i-s un- 
opened, while inside their looules there was a mass of uude.velo])e(l polhm 
mother cells. In Java the. method of determining whether siigarcaiu'. ])ollen 
is fully formed (and presumably fertile) has been to test it with iodine solution 
for the occurrence of starch. The presence of this substance indicates that 
the pollen grains are healthy, and a blue coloration by iodine therefore 
shows that the pollen is useful for fertilization. An examination of the pollen 
grains in the unopened loculcs at Coimbatore siiowed abs(iu<a^ of siar(?li, whil(‘ 
those emerging from split loculos were found to be full of this substance. 
The Java method was therefore replaced by the sini])ler obK(M‘vation as to 
whether the antlier lociiles were open for, in (hat ease, fully maiured 
pollen grains were found to be invariably pres(‘nl, and by this means Ihe 
percentage of fertile stamens in any inflorescence could ciisily be detin'miru'd. 
Judging from the analogy of the. infioreseenee of llu^ pi‘p]»m* vine 
{Pi'per wigrmn)} it was thought possible that, ulfhougli abundant pollen 
was to he found in the arrows of other canes in the same field, it was of 
frst importance for the production of seed fliat good ])ollen and rece])- 
tive stigmas should be found side by side in the same flower. The arrival 
of a set of arrows of a eune growing at Jhingaloro, in March If 12, with plenty 
of good pollen, was made a test case and all the arrows available of this 
variety were immediately sown, witli the result that a further lot of 32 seed- 
lings was readily obtained {vj. Plate 11). 

In later work, the stamens of all cane infloroseonces have been examined 
in the following manner. The stamens arc shaken out on to a clean ])ie(H->. of 
paper and preserved in a small envelope. 200 of them ar<' taken and passed 
lapidly under a dissecting lens and divided into three classes -Opened, closed, 
distorted. It has been found that, as in the pepper, if the anthers do not opim 
at the time when the flowers mature, they remain [lei'inaiKmlly closed under 
all conditions and, once opened, they remain so pernuuumtly. Ifiey can thus 
be examined at any time. The percentage of open anfhers in (aieh inllores- 
eence dealt with is entered in the following tables wherevei' it was obtainable. 
The failure of previous sporadic attempts at raising (‘ull{^ seedlings iji India 
can be readily explained, in that the state of the anthers was not obsm’ved. 
Almost all such attempts appear to have been made in Northe.rn India and 

’ Barber, 0. A. “ The Varieties of Cultivated I’eppcr.” DepL Jt/r., A/t/iiruM, Vol, l!i, Ilii/i 
56 , 1906 . 
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altliongli certain canes in this tract appear habitually to flower, an examina- 
tion (tf the inflorescences of inrligenous canes, received from North India, has 
shown that the anthers nre completely closed and the pollen is undeveloped 
(Woodhouse notes tliat in KJielia grown at Sabour the anthers dehisce).^, 

The following is the list of the cane seedlings obtained during the first 
season : — Poovan 9, Nmnam 2, Kaliidai Boollimi 2, Vellai 1, all of these being 
local Coimbatore canes ; Oheni from Bangalore 32, in all 46. The first seedlings 
were obtained from arrows collected in January 1912, and the poor result 
is now further explained in the lateness of this date in the flowering season, 
it being established that October-November is the best time for obtaining 
seed at Coimbatore, and that the fertility of the arrows steadily decreases as 
the season advances. 

As other land was not available, these seedlings were planted out in the 
Botanic Garden. The ground was entirel}'- unsiiited for sugarcane growth and, 
accordingly, large pits, three feet cubed, were dug and filled with soil and 
manure ; iriigation was however only obtainable from a well of brackish water. 
While some of the Cheni seedlings suflered considerably from the salt water, 
most of the seedlings grew enormously under this treatment, and produced 
a very large number of shoots, one Poovan seedling having at crop time, 
eighteen months from sowing the seed, no less than 143 matured canes (PI. III). 
But the juice of these seedlings turned out to be of cpiality very inferior to 
that of their Supposed parents, and considerable doubt has been raised from 
this and other facts whether the parentage, other than in Cheni, has been 
correctly stated. Most of the seedlings, in fact, differed considerably from 
those obtained from the same canes in succeeding years. 

A detailed study was made of each seedling, and photographs were taken 
at various stages of development ; two were sacrificed and dissected in early 
stages of growth. After the harvest, when the juice was analysed, they were 
all planted again, and have been grown on each year, in order to test the per- 
manence of their morphological characters and the quality of their juice. At 
present, in October 1915, there are 38 still surviving. As noted above, the 
sugarcane commences to flower at Coimbatore in October, and most of the 
seedlings are obtai)ied during the following two months. They are planted 
out in the field when about six months old and are ready for harvesting and 
analysis after another twelve months, or eighteen months from sowing. It, 

■ Woodhouse and J3asu. The Distinguishing Characters of 8ugarcancs cultivated at 
iSabour, Jfem. Agr. /nd., iSoiamcttZ ,S'm'es, VH, 2, Apl. 1915. 

A large numher <.)1' arrows wore received from North India in 191S, and in these 
oceasioually a few (1 — 4%) of the anthers were open, April 1910. 
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lias been found convenient to designate tlie seedlings obtained during any 
particular season by the years of sowing and of final c}iemi(‘a] analysis and, 
accordingly, the first year’s seedlings are called those of 1911-13. Notes a,s 
to the character of their juice will be found in a following section. 

2. Period 1912-14. 

The Cane-breeding Station was sanctioned in October 1912 and a full-time, 
officer placed in charge of it, witli a suitable establishment. Profiting by the 
previous year’s experience, it w^as found possible to raise a comparatively 
large number of seedlings in the season then commencing, more iii fact than 
could be dealt with at maturity. Of the 10,000 to 20,000 seedlings obtainetl, 
some 2,000 were selected, from as many dift’erent parents as possible, and grown 
on. These were raised in the Botanic Garden, bnt they were planted out in 
the newly acquired farm at Cliettipalayam, a village ah<mt a mile and a half 
from the College. Besides searching the neighbouring country for varieties 
of flowering canes with open anthers, arrows were obtained from various parts 
of the Madras Presidency, as w'ell as, through the kindness of Dr. Coleman, 
from Bangalore, as this place has also proved to be an excellent centre for 
cane-flowering. 

A careful note has been taken of canes flowering in recent tours through 
sugarcane tracts. Taking India as a -whole, the flowering of the sugarcane 
appears to decrease as we proceed north-west. In Madras and Mysore it is a 
common occurrence, but in the former it is more abundant in the drier, western 
■■ than ill the moister, eastern parts. Flowering is not uncommon among the 
' canes growing at Nagpur, Jubbulpore and other parts of the Central Provinces, 
and extends in a north easterly direction as far as Assam, but with a diminishing 
intensity. In Bihar, certain kinds such as Khari (and the introduced Saretha) 
flower habitually, and in certain years large stretches of canes have been noted 
as flowering in the eastern parts of the United Provinces. Passing thence to 
the north west, however, cane flowering becomes rare or entirely ceases. Tlie 
following varieties have been noted by Mr. Woodhouse^ as flowering in 
exceptional years at Sabour in Bihar i—Ckynia, Khelia, Maneria, Pansahi and 
Shakafchynia. A large number of the varieties of North Indian canes 
collected on the Cane-breeding Station at Coimbatore have now flowered, often 
without the anthers being open. 

Note. — It is of some interest to compare, with thi.s brief statement, the flowering of tho 
wild Saceharums observed during the last few years. SuccMrum spontaiteum is widely distri- 

’ Woodliouse and Basu. The Distinguishing Characters of vSiigarcaucs cultivated at 
Sabour, uMem. Depi^ Agr. ltd., Botanical Series, VII, 2, Apl. 1915. 


0. A. BARBEE 


113 


butcfl over all parts of India and everywhere llowers profusely. It ha.s been successfully 
crossed with three North Indian cane.s in the Cane-breeding iStation. SaccJiarum ariuuUnaceuni 
appears to be at home in Assam, where it flowers freely, the hill section of the Assam railway 
revealing a mass of its showy spikes all along its banks. This species probably m*eds the 
humid Assam climate for perfection of growth, for it soon becomes rare in a westcrlj" direction. 
It i.s recorded as flowering in the Botanic Garden at Saharanpur,’ but the specimens planted 
in the grounds of the Lyallpiir Agricultural College have not flowered during the eight yeais 
since they were introduced. In South India Saccharum. arundinaceuni is frequently planted, 
and is the usual hedge for betel (Piper Belle) ijlantations. It is thu.s very common at Coim- 
batore but, although allowed to grow for several years, it has never been known to flower. It 
flowers, however, in the moister north-eastern part of the Madras I’resideucy and is reported to 
have been in flower at Tanjore. Hacclumun Miinja is not much in evidence in Assam and 
Bengal, if it oecur.s there but, passing along the submontane tract to the west, it soon replaces 
SaccJiurwn arundimiceim and exteud.s, flowering profusely, from Bihar to the Punjab. It ha.s 
been introduced to the Cane-breeding Station and grows and flowers fairly freely, but the 
flowcr.s are })Oor arid nothing like so liandsome as in the north. 'I’lie stanums are, however, 
fairly well developed. BaccMrum Narenga is, again, at home in Assam, where va,st tracts 
on the northern side of the Brahmaputra and the Shillong lulls are covered by it, often to 
the exclusion of other vegetation. It appears to pass along the foot of the Hiiuakya.s to tlie 
north-west, A chance arrow collected in North Bihar has given many seedlings in the Cane- 
breeding Station, and it grows and flowers freely ther(:' with fully developed stameus. It has 
been successfully crossed with Velhii, a thick introduced cane. In conclusion, there seems to 
be a certain amount of confusion in the classification of Indian Saccharums. In the Flora oj 
British India, Saccharum Muuja and 6'. nriuidinuceum are placed together under the latter 
specific name, Thi,s arrangement is followed in the Calcutta Herbareum. Prom my know 
ledge of the growth of the.se plants au<l their divergent distribution, I cannot but feel that 
they are entirely separate, but this conclusion i.s chiefly based on their leaf and stem oharae- 
ter,s. In a recent tour in Assam and Bengal, 1 have, nioreovcr, come across a number of 
puzzling forms which lead me to .suspect that still other wild Saccharums may occur there 
as yet unseparated or undescribed. None of them were, however, in flower at the time of 
my visit. 

As mafrv of the seed pans duriiig the 1912-14 period also showed a good 
growth of various grasses, the whole question of the early treatment of seedlings 
was overhauled and a great number of methods were tried, both as to the most 
suitable medium in which to grow them (from sand, red and black earth, leaf- 
mould, manure, to pounded peat from the Nilgiris and various mixtures of 
these substances) and the inaimer in which the medium should be treated, so 
as to de,stroy any gras.s or weed seeds that they might contain. The following 
is the method (copied from Java) in use at the time of writing. Old horse 
manure is obtained, finely pounded, watered and exposed to the air. All 
seeds in it soon germinate and are pulled out as they appear, and, after a time, 
the manure, cleared of its weeds, is stored in pits for further use. The arrows 
are collected when the first florets begin to fall or are blown off by the wind, 
and are kept in paper packages for a week or ten days for the seeds to mature, 

’ Hole. On Some Indian Forest Grasses and their OEcology. Indian Forest Memoirs, 
For. Bol, Ser. 1, I, 1911. PI. XXII. 
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after whicli they are ready for sowing. Equal parts of the ju'e])ared horse 
manure and river sand are well mixed and placed in shallow ])nus, hi" across 
aiid 3" dee}). The fluffy inflorescence of the cane is broken Uj) and }>lasle.r<'d 
upon the surface of the mixture in the pan and thoroughly watm-ed through 
a rose watering can. After this it is found that the flowers and flower stalks 
form a wefted mass disturbed neither by wind nor by heavy rain. It was 
sought at first to protect the young seedlings from the torrential rains which 
fall at this time of the year (October-November), but it was soon found that, 
owing to the porous nature of the mixture of sand and horse dinig, they suffered 
not the slightest injury. It was found, however, essential to keep tliem fully 
exposed so as to have as much sunlight as possible, as the least shade rendered 
them liable to damping ofl or yellowing. In this manner, if there is any seed 
in the arrows, it is usual to look with a hms for th,<>. first spt)l (d’ green 
hi the germinating embryo within three or four days. But (‘xju-rienco. has 
shown us that sometimes the seed does not germinate so (piiekl'y, ilu' seed in 
some pans continuing to germinate for a month after sowing. When Ihe 
seedlings grow thickly, it is advisable to prick them out at greater distances 
in similar pans in ivhich ^ certain quantity of soil and leaf-mould is added, 
and this is done when they are about two inches higli. Where, liowevei', 
there is plenty of room, they are left in the pans until they are some, three, to 
six inches high, as each transfer appears to check their growth. They are then 
transferred to pots (c/, PI. IV). The soil in these is carefully prepared as follows. 
Fine red earth is brought from certain fields about seven miles away, and this 
is mixed with equal parts of ordinary earth, cattle manure, and leaf-mould. 
The pots are 9" across and a foot high and one seedling is placed in each. They 
are left in these jiots until they are planted out in the field. Watering in both 
the pans and the pots is a considerable item of expense and needs constant 
care. The pans are, in the absence of rain, watered with a can five times a da^y, 
and the pots should be watered twice daily. Improvements are constantly 
being made in this matter, but one of the latest is to dig broad trenches in 
which half a dozen rows of pots may be sunk and where they may be irrigated 
all together. The sides of the sunk pots are protected from the air and, when 
thus arranged, th^y need not be irrigated more than, say, twice a week, and 
the cost of the operation is nominal. This, with five thousand ])ots, is a matter 
of considerable saving of expense. But there are drawbacks in this method 
which will be referred to when the further treatment of the seedling is 
described (c/. p. 149). 

One of the greatest obstacles in the raising of the soodlir gs at Ooijubatore 
is the fact that the canes arrow during the north-east monsoon, at a tinu' wium 
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Method of selfing or crossing arrows. Crosses are effected by blowing in pollen each day 
and immediately covering up again. 
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fwo-thirds of the animal rainfall descends. Tliese rain.s are often heavy and 
accompanied by strong wind.s, so that many arrows are broken or the pollen 
is destroyed by thorough wetting. Sometimes, for a week or fortnight on 
end, no collecting can be done, and this, considering the short time during 
which fertile arrows can be obtained, is a serious disadvantage. Many of the 
arrows during the earlier years were obtained at places from five to ten miles 
from the farm, and in order to ensure their daily inspection and bring the 
matured arrows in safely, a great deal of travelling under trying conditions 
was necessary. 

The protection of the flowers from cross-pollination was instituted during 
the 1912 season, but it was found impossible jiroperly to supervise the di.stant 
cages, and this supervision was only effective in cages over the few arrows 
in the Botanic Garden. The cages are made of iron rods or, preferably, strips 
of bamboo covered with fine, close muslin, as the pollen is capable of passiim 
through the fi.nest meshes. They hang over the inflorescences from a tall 
gallows-like support, and can be raised or lowered at will. The whole appa- 
ratus is a close adaptation of that used in the Java cane-breeding work (PI. V). 
Because of heavy winds, it has often been found necessary to place an addi- 
tional upright bamboo or even two and tie the swinging cage to them. The 
operation requires considerable care, because it has been found that even the 
slightest permanent bend of the long, fragile inflorescence stalk destroys the 
fertility of the whole arrow, and this is by no means an infrequent occurrence 
in the heavy weather at Coimbatore at this time of year. From past experience, 
a general impression has been gathered that the very fact of caging is preju- 
dicial to the full development of the inflorescence, although large numbers of 
seedlings are sometimes obtained in this way. Caging must he done before 
the arrow emerges from its enveloping sheath, for the stamens have been found 
sometimes to open before this emergence occurs. Enclosing the inflorescence 
thus takes place some time before the introduction of foreign pollen. The 
eaiie varieties are closely watched about this time of year and the approach 
of flowering is foretold some time before it occurs by the elongation of the 
terminal iiiternodes and the presence of small leaves at the top of a cane shoot. 
The cane is then said to be in “ short-blade ’-’ and its record is carefully gone 
over to see in what way the inflorescence may be used. If, on emergence, the 
flowers are found to contain few or no open anthers, crossing may be attempted, 
but we have at present no criterion by which to tell whether the female organs 
are fully formed, as w'e have in the male. Our only guide is the successful 
rearing of the seedlings in the pan after sowing. To illustrate the need for 
daily inspection of the cages, one fact may be mentioned here. On several 



occasions it lias been noticed that rats have gained access to tbe cages, liave 
jjulled togethei- the fluffy inflorescence to form a nest, and have even iiitnidiici'd 
pieces of foreign arrows into the cages — ^an uiidesired attempt at cross-pollina- 
tion on their part! Half-inch wire netting has to be added when ints are 
abundant. 

In the following table a summary is arranged, showing the origin and 
fate of the seedlings raised during the period 1912-14, with notes on the per- 
centage of open anthers, and on the possible male parentage of the seedlings, 
where the flowers were unprotected from foreign pollination. It may be 
noted that comparatively few of the inflorescences were protected, and that 
then (mly the female parent is known with certainty; batches of seedlings 
from unprotected arrows are termed ‘‘ General Collection,” as contrasted 
with “Crossed” or “ Selfed ” lots. 

A study of the contents of the table brings to light certain interesting 
facts regarding the germinating power and vitality of the different classes of 
seedlings. The local canes grown by ryots round Coimbatore are five 
in number, and these produced the great bulk of the seedlings of the period. 
These are thick (probably exotic ?) canes which have been established for a 
number of years : — Chittan, Karmi, Kaludai Bootlian, Poovan and Vdlai. 
From their detailed morphological study, it seems probable that the first three 
are closely related to one another, there being some ground for supposing that 
Chittan, a striped cane, is the oldest and that Kamn (claret) and Kaludai 
Boothan (green with blush of pink) have at some time arisen as sports from it. 
Kanm and Chittan produced a large number of seedlings. They are hardy 
canes of moderate value, and, in the ab.sence of the better ones, a good number 
of their seedlings were planted out. Kaludai Boothan^ on the other hand, 
was disappointing in germination (although it is interesting to note that in 
the succeeding year matters were reversed) and, further, its seedlings were 
unfortunate in that they were planted out in inferior land. Poomn is a glaucous 
green cane with rather poor juice, much appreciated as an eating cane, and is 
fairly widely cultivated. It proved difficult to raise seedlings from it and 
they were different in character from those obtained in the first year, thus 
supporting the idea that the latter were in some way abnormal. No seedlings 
were obtained from Vellai arrows. This is by far the best local cane but, as 
will be seen later, the development of pollen is very precarious (c/. also PI. 11). 
Naanal, although a South Indian cane, is not grown near Coimbatore and is 
very different from the rest. It appears to be an indigenous or des-i cane 
somewhat similar to the Chin group, although a good deal thicker tlian most 
of them, is very hardy and has fair juice. The arrows were obtained from 
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1299 290 Besides the above series a large number of seedlings wei-e raised 
from Saccharuvi spontaneum and Saccharum Narenga. 



Karur, sump fifty milos distant, and tliore is mason to siip})os(‘ that sonie ol 
tlip seedlings were .abnormal tSoven of tlicni showed marked i'oseiul)la.iK'e to 
Sarr/iarum xpontanomi and are spoken of as tlie " spontanenm (‘]as,s”()f 
Naanal seedlings. 

Of tlie aiTows obtained from Bangalore, ‘"Java'' a raliinble eaue of 
unknown origin, produced an enormous number of seedlings, an average of 
at least bOO per pan. But, in spite of the greatest attention, including special 
ti'catment and early pricking out, tlie seedlings soon tiumed Iirownish yellow 
and died in great numbers. This delicacy continued after potting up and, 
of the whole lot of over .3,000 seedlings, it was only possible to place 10 in pots 
and to grow two to maturity so that they could lie analysed Tin' resnll.s of 
the sowing of 71 20S arrows, from which miu.-h was, expected was, on the ollim' 
hand, disappointing because of the poor germination, added to great, mortality 
when planted out. an indigenous Mysore cane, somewhat resembling 

Naanal, also gave a poor result. 

Seedlings raised m the Botanic Barden, from indigenous Nortli-lndian 
canes introduced in the previous year, had both parents known. I2<urlha was 
selfed and gave good results. It is a valuable cane in its tract (Meerut and 
Aligarh) and is a constant flowerer. The crosses between Chw imd Shalw- 
(ihjnia and the wild Sacchannn were also healthy and vigorous 

throughout tlieir growth . it was unfortunate that crosses could not be effected 
between these North Indian cane.s and the thicker, exotic ones, but they did 
not flower at the same time. The pollen in Chin and Shalcarchpiia was 
undeveloped, and the crosses effected had their use, in that the perfect fertility 
between Sacchanm sponta neum canes was demonstrated and 

!*rr(Pi 

All the seedlings obtained during this season were carefullv studied at 
erop tune, according to a detailed plan left behind by the Author when 
go,„g on leaye, and. as will be seen in the last section, these descriptions form 
hebas^ cfthecorrelatio,^ studied between the n.orphologieal characters of 
the seedlings and the quality of their juice. 


The canes growing on the newly founded Cane-brcc<ling Station, plant 
about May, did not flower to any great extent at tlie end of 1913. and onisi 
arrows were again chiefly used to obtain seedlings during this season Gn 
help was, however, afforded by a free floweidng of the canes growing in tl.e w 
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(tank-irrigated) land on the Central Farm near by. The village?< around were 
again ransacked, arrows were forwarded by post from the jMadras Farms at 
Samalkota and Taliparamba, and, as in the previous season, a large nmnber 
were obtained from Bangalore. Over 20,000 seedlings were raised and, from 
these, some 2,400 were selected and planted out. A considerable number of 
varieties of canes had meantime been collected from various parts of India and 
these formed the “ varietal plots ” in the Oane-breeding Station. But theii 
growth was at first extremely poor, and few if any of them showed any 
tendency to form arrows. This led to a study of the reasons for theii’-tailure, as 
it appeared to be almost as difficult to grow North Indian canes at Coimbatore 
as to reverse the process and grow thick canes in the fields in North India. 

The piece of land selected for the Oane-breeding Station was a block of 
“ garden land ” (well irrigated), within easy reach of the College laboratory. 
The more usual cane land, black clay, irrigated by water from tanks and termed 
wet-land,” was avoided, as it was considered unsuitable for the growth of 
seedlings intended for North India. Upon examination, the soil on the farm 
was found to be slightly saline, and it was recognised before purchase that it 
would need a certain amount of treatment before sugarcanes would grow there 
normally. Isolated plots of canes were seen growing near, and the ryots 
agreed that it was suitable land, but pointed out, in their homely language, 
that “ it was not yet accustomed ” to sugarcane. This of course did not 
interfere with the excellent growth of the seedlings, for these were planted in 
pits with specially prepared earth and manure. An analysis of the wells on 
the station showed that five of them had brackish water and irrigation had 
therefore to be confined to the one sweet-water well, on which a pump and oil 
engine were erected capable of dealing with the four or five acres intended for 
sugarcane cultivation each year. The cause of the poor growth of the varieties 
planted during the first year was not far to seek, in that they were planted out 
of season and, of necessity, on land which had been irrigated for years by 
brackish water, and which there was no time to prepare (of. PL XXVII for a 
photograph of canes growing in this land ; these were thick canes), and a 
series of tests were instituted to note the effect of this water on the different 
varieties of cane introduced. The results of this experiment are extremely 
interesting, showing that different canes vary enormously in their capacity 
of resistance to saline soil and water, some growing strongly and rapidly while 
others die out completely (Pl. VII). The experiment is being continued yearly, 
as an alkaline or “ saline plot,” on untreated land irrigated by brackish w^ater, 
into wdiich the varieties are introduced in turn. The land intended for cane 
growing in each season is heavily covered with tank silt and a crop of juar 

2 ' 


STUDIES IX rXDIAX SUG.XECAXF. SEEDLTXDS 


r2o 

{A H(1 1 'fypoyon Soirihmn) Agnu'D-drossiiin; pUnit (iisniilly Didirixis hihlah, 

tliP fiold ])oan), istlion planted and dug in, and wide drains a riMtunh' ai shuil 
distances apart, Tliis treatment lias liad very Imiu'licial elTeets and. alilioiigli 
some super-sensitive varieties still appear to sutTe]-, tlie Koiili liulian cam's, 
at any rate, have now been fully actdimatizocl and are, growing extremely 
vigorously. 

The study of the causes of arrowing in the cane has also led to fruitful 
results. Tliere are two cane-planting seasons in the neighbourhood of Coim- 
batore, one in February-Marcli and one in July-Augnst or even later. 'Phi' 
former is in vogue on garden land irrigated by wells anti the latter on wej lands 
under tanks. The period for planting in wet lands is limited by tin' filling (d i lu' 
tanks, but the ryots cultivating garden lands are free, to choose their own time. 
They have .selected February-March for several rea.sons, Tlie eaiu's planted 
then are still young when the fierce rvinds of the sontli-west monsoon swei'p 
over the land in June to August, and arc well established and off ihe ground 
w'hen the heayv w'et iveather comes with the north-east monsoon in ()<Mo]>er- 
November. Incidentally, they also secure a suitable ri})ening season for the 
canes, in the dry cool months of December and January followed l»y tiie dry 
hot months of February and March, the hottest part of the yea r at, Ckimlmtori'. 
From a special study of each field from w'hich anvuvs were, obtained tn tbe 
neighbourhood, it soon became evident that canes planted in Februni'y- 
March do not usually flower, while those planted at any time, between August 
and November do so in the following Octobor-Novembor, if allowed tn remain 
in the ground. In the wetland generally, then, the canes are more likely to 
flower, and this has been found to bo the case even when they are ])lautod as 
early as April-May. As a result of tdiis study, an arrowing plot ” was put 
down on the station as an experiment with certain varieties in Novembm' 
1913. The result was eminently satisfactory and the plot was a mass of 
arrows in the following October (PL VITI). At the same time, through the 
kindness of Mr. Wood, a number of North Indian and othei’ cane varieties ivori' 
planted in the wet land on the Central Farm and most of these also flowered. 
Altogether, some twelve North Indian canes bore arrows, sonic of them for tlio 
first time on record. Unfortunately, in most of these, the stamens proved to 
be obstinately closed, but it is hoped that the way is being opemid for 
obtaining the desired cross between a hardy North Indian indigenous canc 
and a richer exotic one, if they can be induced to flower at the same time.^ 

I During the 191l> season, 71 varieties of oane flowered on the Cane “brooding Station, half 
of which were Nortli Indian canes. 











Emmiemtion of 1913-15 Seedlings. 
2. Attempted grosses. 



Besides the above, a lari-e number of .Madras seedlings with Sacehamvi spontaneum bior d 
seedlings were selfed and crossed in various ways. AJ'out 700 of these were planted out but tim. 
numbered in the collection. 





PLATE IX b. 



Vellai X Setccharum Narenga ( 1913-15). Crosses obtained. Fig. 4, Young seedlings flowering when 10 months old. Fig. 5. The S: 
plot at crop time. These flowered again when 22 months old. 




PLATE IX k 



plot at crop time. These flowered again when 22 months old. 



PLATE X 



Sacchamm Narenga (1913-15). Stems and leaves in parents. Fig. 1. Rooted cane of Vellai. Fig. 2. Saccharum Narenga: 
all the canes are flowering stalks. Fig. 3. Foliage of Vellai. Fig, 4, Foliage of Saccharum Narenga. 



PLATE Xb. 
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In the. tabic giving details of the seedlings obtained in 19.13-15, sevei'al 
leatures of interest arc observable. In the first place, it may be noted that 
there is a total absence of seedlings with parentage of indigenous Indian canes. 
This was by no means of choice but, as has already been pointed out, hardly 
any of these canes flowered during the year, on being transferred, out of season 
from the Botanic garden to the Cane-breeding Btation, Secondly, there is a 
greatly extended range of parents, e.speeialiy in the direction of those of better 
quality, more recently introduced into India. Thirdly, taking advantage of 
the fact that Vellai frequently has a very poor development of ojjeii a,ntliers, 
a serious attempt was made to dust its arrows with pollen from other varieties, 
an experijnent which was rendered possible by a large number of arrows on 
the plants growing in the wet land on the Ce.ntral Farm. 

These Vellai arrows on examination gave percentages of opciied anthers 
from 0 to 63 {of. Id. II), and the probable proportion of cro,sses obtained i.s 
judged accordingly in the remarks column. Where the pollinating plant was 
a thick, exotic cane, it is less easy to state whether crosses have been obtained- 
Those used were Chiitan, Karun, Fiji G, Ashy MmifUius and Stri-ped Mauritius 
and all of these canes are more or less similar in general character to Vellai. 
In the cases of VoMai pollinated by Saccliarum Narenga and by Madras Seed- 
lings 1464, 1428 and 1354 (parents Naanal), however, there is no manner of 
doubt, from a casual glance, that all or almost all arc gciuiino crosses. The 
differences between the parents are very great, and the seedlings obtained 
are half way in measurements of leaf and stem and in the character of their 
inflorescences, in general habit and appearance, and in sucrose in the juice. 
These morphological characters of parents, seedlings and crosses are illustrated 
in a series of figures in Plates IX to XL And this fact also renders it at least 
probable that many of the first named seedlings, those obtained after dusting 
Vellai arrows with pollen of thick canes, are also crosses, and therefore likely 
to be of value in cultivation. ^ 

The usual collection was made of arrows of local canes from iieighboiiriiig 
villages, and over a liundred pans were sown with these. An analysis of the 
results rather reverses the conclusions which might have been drawn from a 
study of the 1912-14 seedlings. In the latter case, while musses of seedlings 
were readily obtained from Chittan and liumn arrows, those of Kaladai Boothan 
gave poorer results. But in 1913-16 the Kakidai Boothan arrows were ex- 
tremely fertile, yielding at least 100 seedlings per pan, while and Kanm, 

with 70 pans, gave only 300 seedlings together. This reversal was iitjt 

i NoTjB. — T liia i,s rondored more probable in that latcvi- attoiux)ts at raising uncro.'i.'ied Vdlai 
.sfiodlitigii have failed— Ax)l. 1910. ■ 
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unexpected for, as has been stated above, these vaTieties are elusel}' rt'laied, 
and this could have hardly been the casci with so inarked a dilhTener in 
fertility. There is no apparent reason for these seasonal divu'rf^t'nees. and tlic. 
only explanation available is that the arrows might have heem ol dilleicni' 
age or influenced by the state of weather wlien pollination took j)]a<‘e. 

Of the arrows received from Bangalore, those, of Ashu Maxnltus and 
8ifij}ecl Mawrilim produced fair results and flir/anV/h.s good on<‘s. it 

is reported that a large number of seedlings have been obtained at Bangalore 
from the latter cane, yielding a very high percejitag<'. of Huei’ose in the juiee, 
and it is all the more to be regretted that this variety is said to have (li<‘<l out' 
there during the season, A number of arrows of Jam and H JOS w<u'e i't'vei\'(‘d 
from Bangalore and these proved very fertih', H 2l)S giving well nvei- M)0 
seedlings and Jam the surprising number of 7(K), per j)an. But the laek ol 
vitality proved to be so gnuxt that only 200 seedlings etudd be ])lanted li'oin 
B 208 and 400 from Java. 

To the same category of canes with fertile arrows but will) soi’dlings 
unable to withstand the, earlier stages, BvJ MaaritiuK a])))eai’s to belong. 
From this variety 1,000 seedlings were raised in one jtan, of whieli only 1 
could be planted out. The other canes flowering in t he ( '(ud ral Farm were 
Btrvped Maunlnia. Red Sporl of Hlriped Mauri! hm, Fiji (* uml Fiji B : tlmso 
were not very fertile, but most of tlie, seedlings raised were .subsoquetd ly 
planted out in the held. 

Besides Java and Red Mauritius, tw<j oilier varitd i<'s juive bean found of 
which it is diflicult to obtain seedlings, namely Foovan and Fiji ('. lUd the 
course of events appears to be different, from Jgw in tln'se eanes, fur the 
seedlings grew fairly well until planted out in the held, then boeame light 
coloured and weak, and few have succeeded well enough in tlie plots to lx* 
worth analysing {(/. PI. XOI). The M and ^ 

from selfed arrows, while Poovan, although growing mixt'-d with tJie otln'V 
local canes, flowers at a slightly different time and its seedlings are also 
probably usually selfed. 

Besides the seedlings mentioned in the table, a large, number were' obtained 
by selfing and crossing such of the Madras seedlings of 1912-14 as flowered, 
but these were chiefly such as had Smehurmu spanlaueuui blood in llumi and 
their agricultural value was so poor that they have not. be<m inehnhai in the 
list. The cro.sses between the North Indian canes Bhakarehyala and i^hiri, and 
Saccharum aponianeum, in the 1912-14 period, flowered early and aljundantly, 
as seems to be the case- with all seedlings with the blood of wild Bar ‘cluirums 
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in til 0111 , Init few had any open anthers, and some oi these soedliri<^s \v<a*o 
nccordingly crossed with one parent, Saccliamm^t. sfontancum, the only plant 
^ ^ with open anthci'S at the time. No time has unfortunately been available 

for the study of this interesting series. The s^^ontaneum-like class of seedlings 
from Naanal were, however, provided with abundant open anthers and several 
of these were selfed as well as crossed by iSaccliarum sfonianeum- It is unfor- 
tunate that those interesting seedlings flower at a time when no thick canes 
^ liave, yet arrived at this stage for, by selecting the best of them, the way might 

f bo opened for obtaining a lunv set of canes presumably of a very hardy nature, 

A furtlier vsniull set of .seedlings was also obtained in 1913-lb by crossing 
Surelha, another North Indian cane, witJi Sacc/ianmi sputiitmeum. 


4. Period ] 914-10. 



.During the fii'st two years, considei'ahle changes were made in the treat- 
ment of seedlings after removal from their pots. When the seedlings have 
been growing for about six months they are transferred from them and, planted 
out in the held. In the first period, 1911-13, as has been stated, the 
few seedlings obtained were treated very ge-nerousl.y, three-foot pits 
being dug and filled with prepared earth and manure. The conditions in 
which they were planted made it advisable to treat them as pot plants,” 
and enough material was provided in the pits for their growth to maturity. 
Even ill these pits the plants were attacked by white ants and certain 
seedlings wmre killed, but on the whole their groivth was remarkably 
rapid and healthy, especially in, those derived from local parentage. The 
1912-14 seedlings, planted on bottei- land and irrigated with less saline ivatin-, 
wore put into two-foot pits, in. order, if possible, to reduce the great vigour of 
the seedlings and bring them more into line w.ith ordinary cane plants. The 
growth was still luxuriant and, in succeeding years, the exceptional treatment 
of: the seedlings was gradually reduced iiutil, in 1914-16, half of them wtii’o 
planted in one-foot holes and the rest in trenches. Concurrently with this, 
the treatment of the seedlings grown a second year from cuttings w^as gradually 
improved, for i b was found that the growth of the seedlings when first p ro])agated 
vegetativcly was distinctly precarious, and a certain number of them died out. 
This attempt at equalizing had also another reason. The analysis of the 
Gheni seedlings in their second year showed a veiy marked increase in sucrose 
in tlie juic(\. and it was thought tluit'tliis might be due to the excessive vigour 
of tJie seedlings in the large pits. Sufficient evidence has not yet been accii- 
mu1at('d on this subject but, on studying any batch of seedlings and their 
a.nalyses, the general imjji'cssion makes itself felt that there is aji invcj'so 
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relation between vigour and ricliuess in tlie juice, a siniilnt* l.ciKliuify biiving 
been noted in indigo and cinciiona and doubtless otJier plauis.* 'The whob' 
(j[iicstiou is, liowcver, complicated by the fact that tlie hind al did I i pa la yam 
is still largely influenced by having been irrigated by brackish water \\a>ils Im- 
thirty years and more, and is not of equal suitability for suguircunc growth in 
different parts. 

It has been noted in the description of the seedlings f)f jirevious yi'ars that 
those of some parents lacked vitality. Java and Red Muuriiiu.s (and pf'rliaps 
B 208) were characterized by great fertility of arrows, and jirodnci'd (Miorinoiis 
numbers of seedlings in the pans, w'hich, liowcver, sooii died in sjiiti* of (‘vei'v 
care. In Poovan and Fiji 0, on the other hand, the sci'dlings livivi iinlil 
planting out time and then gradually failed, so that, (he plot in wtiii-h they 
^vere planted became more and morb empty towards harvest. It. was argued 
that such varieties Avould form suitable parents if erossetl with hardier kinds, 
and that, if the seedlings obtained grew Avilli vigour, tliere would be jir'nud jtiric 
evidence that true crosses had been obtained. This line' was aeeordingly takim 
during the 1914-16 season and a large number of crosses wen* at ti’inpted, eiiieily 
with North Indian canes. Unfortunately, the latter had few' ojien aiithei-s and 
had to bo used as mothers and this particuhu' (LXjaa.-inient had In In* postponed. 

Owing to the great quantity of JfMxparrows obtainable at Ibingalori*, it was- 
decided to obtain pollen froia the canes growing there, for dusting tlie lu<*al 
aiTow^s at Coimbatore. This led us to a study of the pcdlen and its vitality. 
Unexpected difliculties were, however, encountered, in that sugiireane polhm 
proved very hard to germinate in any of the media, usually (*mployed for this 
purpose, and it was of coiirse necessary to germinate it in ordi'r to lest, its 
keeping qualities. Some success was ultimately obtained by ernsliing tin* 
stigmas of wild plants flowering at the time, and germinations seem to sneee(*d 
especially with solutions prepared from the flowers of the prickly jiear and 
Portia tree {Thespesia populnm). Pollen of Bacchanmt apoida’neuvt ajij wared 
to retain its vitality much longer than expected, and after 14 days soim* of tin* 
grains still germinated in these solutions. The sending of tlu* pollen by post, 
w^ould appear lobe feasible in small gelatine capsules wdiieh an* (*asijy jji-o- 
curable and can be readily transmitted without any clianei* mf tin* jndlen 
drying up. 

As a large number of arrows were obtained from Bangalore, it wa,s con- 
sidered advisable also to test the vitality of cane seed, usually regard<*d as 

‘IBarber, Q- A., Isoiiio Diiiioultio.'i in tho IinxJrovuiucat of Indian Suj"tu'caiu‘.s. Anunti^ of 
Ai)plkil Bhlixjij, vol. 1, uos. 3 & 4, Jan. 1015, p. ii-l. 


extremely short-lived. A collection was made of seeds of M,adras seedlings 
2 and G, B SOS, Java, Striped Mauritim imA Safelha, from the l ltliDecejnher 
19M to the 5th January 1915; and equal quantities of powdered tirrows were 
sown on the first of each succeeding month. The results showji in the table 
arc interesting, as it is evident that, with pro’per care, cane seed reiains its 
vitality for a considerable time. 


VikiUty of Sugarcane Seed. 


Varii’ty 

Date of 
Colloc- 
tiou 

Germi- 

nation 

Feb. 

1 

Mar. 

1 

Apl. 

1 

June 

1 

July 

1 

Au«f 

1 

llB.\iAJn{s 

Madras No. 2 

flth Doc:. 
1914. 

500 

500 

300 

200 

100 

20 

0 


Bqual quantitio.s of 

„ ,, 6 

15th Dec. 
1f)14. 

500 

500 

300 

, 200 

100 

20 

0 


poiindc'd arrow 

wore sown iu the 

Saretha 

14th Dec. 
1914 

500 

500 

500 

300 

200 

40 

0 


first live. Some 
.seed remained 

Java ... 

4th Jan. 
1915. 

500 

500 

300 

100 

50 

0 

0 


capable: of termi- 
nation for .‘.'even 





Less 





months. The seocJ 
of Saretha sur- 


B 20S 

5th Jan. 
1916. 

Bo. ... 

500 

500 

300 

than 

100 

12 

5 

0 


vived the longest 

1 and that of B 208 

Stripod Mauri- 
tias. 

200 

200 

100 

50 

12 

0 

0 


had least vitality. 

A Jo.ss quantity of 




- 








arrow sown. 


A study of the table containing details of the seedlings raised during the 
1914- arrowing season shows a A'^ery considerable change in the selection of 
parents. ^ In the first place, it was assumed from previous experience that 
the quality of; the parents’ juice is largely transmitted to the offspring, aiul an 
effort was made to obtain as many seedlings as possible of the best canes 
glowing in the various farms. Over 9,000 seedlings were obtained from B SOS 
Jam, Striped Mauritius, Ashy Mauritius and Fiji C and, of these, more than 
1,600 have been selected for planting out. The local lauds, Karan, Chitlan 
and Kaludwh^ BootJian were comparatively neglected, and no collections were 
made from villages around, as these canes were flowering in the arrowing plots 
on the station. The results from these arrows were, however, very imor as 
regards germination and only 50 seedlings were planted out. On the other 
hand, advantage Avas taken of the flowering of North Indian canes, ami a v(uy 
arge iiumber of seedlings were obtained of Sa^'etha. Over l.lOO seedlin<^s 
derived from North Indian canes were planted oiif'., chiefly of Sareiha, Clli 
am, 1 ansahr. One hundred seedlings AA'ere also planted out of IVladras Soiled 
bcedlnigNo. %{Kaludai Boothan parent), for the special study of the depressed 
habit which characteimes this seedling, as well as most of those obtained from 
indigenous eaiics in India. 
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A very lai-ge number of crosses were attempted between indigejiuus t;a.iies 
and thick exotic ones but, on the whole, 'with very j)uor results, kolleii va.s 
freely sent to Banga.lore, whore an officer was deputed lor thre<! luoutlis, to get, 
. if possible crosses by Saretha and Chin on to Java and rtYAS’, while Vdlai was 
crossed, as in the previous year, on the station at Coimbatore. Owijig (<» the 
' poor development of the stamens in most indigenous canes, pollen was ]>j‘uught 
from the good varieties at Bangalore and dusted on tiarelha, Chiti, Panmhi, 
Cheni and Chynia. But, taking the seedlings obtained after tliese ojicrations 
as a whole, there was very little evidence, at ])lantii)g out, of the i}dIut;nco {)f 
the male parent. This strengthens the impression noted below that, if 
fertile pollen is present in any inflorescence, it is largtdy jirepotimt over any 
foreign pollen introduced and that, in any gene.ra,! collection of ai-rows in the 
field, most of the seedlings are selfod, in s}>ite of other v.iricties fioweihig at 
the same time in the vicinity. 





PLATE XII. 


Chin-plot {1914-16). Occasional seedlings are met with, which stand out from the rest in some particulai 
In the figure, one seedling is much larger and more erect, has broader leaves and is flowering earlier 

than the rest. 




VAPvIATION IN MORPHOLOGICAI. CHAPACTEPS. 


The first few seedlings, obtained before starting the Cane-bi'eeding Station, 
wore reared in the Botanic Garden. Their reputed parentage was four 
local Coimbatore canes amd Oheni from Mysore. It was noted that the seed- 
lings in each batch differed a good deal among themselves, while those of Cheui 
stood n]>art as a class separate from the rest. During tlie next two flowering 
seasons miuh time was spent in touring throughout the cane-growijig tracts 
of India and, although occasional notes were made as to differences in the 
young seedlings, there was no opportunity for going thoroughly into the matter. 
During tin; 1914 flowering season, the whole of the 1914-lG seedlings, .3,400 in 
number, were submitted to a more or less detailed examination before ])lanting 
out, and have been classified and put into the ground according to the differ- 
ences noted. The present section, in which some of these, variations are dis- 
cussed, is largely based on the observations made during this examination. 

Most of the seedlings fall under the term “ General Collection,” by which 
is indicated tha,t no special means were talveii to prevent the arrows fi’om being 
pollinated by neighbouring ones which happened to be })rotruding at the same 
time. Some hundreds were selfed,” that is to sa!y, ]3rotectod from foreign 
pollen by fine muslin placed over them before, emergence. In studying tlrese 
two classes of seedlings, it has been noted, however, that there seems to be 
practically no difference between them, and the opinion has been gradually 
formed that, in the .field, where open anthers are present, the great bulk of 
the general collection are in reality self ed seedli.ngs. It is only in cases where 
the mother arrows have practically no open anthers that the seedlings have 
sliown, by their intermediate characters, that cro.s.ses have been obtained. 
The descriptions enumerated below have been drawn indiscriminately from 
ba.tchos of selfed seedlings and those obtained from the general collections of 
arrow’-s. 

Vigour and Size. 

It is obvious, at a glance, that the seedlings of aiiy one batch differ greatly 
in siz(' and vigour (Plates I & XII). This is not likely to be altogether due to 
tlK'ii' environment, as care is taken to treat all in exactly the same manne.r, 
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ili the. soil mixture used, the size of the ])()ts and 1h('.ir wnteriiisx niu! ('xpostin' 
io tlie sill) and their ultimate treatment wiien ])lante(l onl. It is mti easy to 
■determine whether the poorj^rowth of seedlin<?s is I raiismil t('(l, for (Ik^ furlli(‘r 
growth of poor, stunted seedlings, although perhaps of seitmlilii* iideia'sL 
would hardly be defensible, considering tlie main object of the Oane-breialing 
Station, and such plants as are obviously inferior in these respects have been 
uniformly rejected when planting out. The only information as to the future 
growth of the seedlings which show signs of weakness during theii* .first yefii‘*s 
growth is to be obtained from a study of the first (10! 1-13) seedlings, all of 
which have been grown on for several years. Tn tliese the fate of tlie weak 
.seedlings is clearly traceable, in that most of them hav(‘ gradually become 
weaker and died out one by one, although some of tliem hav(' shown that tliey 
possess very fair juice; and this appears to justify tin' melliod of rigorous 
selection, practised in the young seedlings of any year and also wlnm they aiT 
chosen for vegetative reproduction in the second year. 

Attention has already been drawn to the fact tliat the seedlings of some 
varieties, while coming up in large numbers, ipiickly die out, thuslndicatim^' 
feebleness in their early stages. 8iich are. Jam, Bad Mmrniim and possibly 
B 208. In other canes, notably Poovmi and Fiji (\ the lac'k of vigour appears 
later and, after planting out, the jilots of these varieties soon ])resent. a sorry 
appearance, many of the seedlings becoming weak and sickly, and <-ompa.ra'- 
tively few surviving so as to be ca])able of analysis at cro]> tiine (Plate XlIT) 
Prom present appearances, the Bed seedlings suffer all Jlon<. hirl 

we have had too few seedlings of that variety t<) he able to state the ’case 

definite.Ky.1 lu contrast with those feeble, seedling varieties. Bumlha and 
BansaU seem to have.good germination and healthy seedlings, fmv of wliich 
succumb. Of the ;X00O AVmy/m seedlings obtained in the "']<)!. f-K; period 
some 1,200 are being grown on, 70,0 in the plots and the rest in a ])iece of 
waste land where they seem to be perfectly at home. There have been 
hardlyany deaths, and there is little doubt that practically the whole .b,00() 
could have been raised if it had been desirable to do so. 

Kanm, CMttan and Kahdai Boothan seedlings are also easy to raise 
B«t this is especially so with gciniino crosses, wliich have thus fill- hi all 
cases been exceptionally vigorons. It must be menlhmcil. how.cvcr that most 
of out crosses, thus far obtained witli certainty, hawc liccn l„.(wcc„' Noitl, 

Indian canes and wild parents, bnt the thich x {i,wrk,rm, Nm;m 

seedlings are very similar as regards luxuriance. ‘ 

» The seedlings of m Mawitvus in 1916-17 appear to the more healthy. 



'\<iV 




Seedling of Poovan & Fiji C;plots at crop time. The better grown plants on either side 
and in the background belong to neighbouring plots. 
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Tlui vi<>:our ol.' filly soedliiig i,s judjjjed by early rapid growtli, ultimate size 
and, ai maturity, by the number ol' eaucs and shoots devolojxHl, aiul tlie total 
weight of the above ground parts at crop time. In a considerable number of 
cases it has been noted that seedlings standing out from the rest because of 
their great growth, have a comparatively low .sucrose percentage in the juice. 
Excessive vigour in a seedling otherwise than a cross is therefore not 
altogether a desirable character. 

General Habit. 

There is often marked variability in the habit of secil lings of common 
^■■’rentage {Plates XTT & XTV). We shall, note elsewhere (pp. 148- -149) that 
tiiO appearance of a variety in the field, often difficult to describe in technical 
language, is one of the most trustworthy and ])crmanent characters whereby 
we can distinguish closely allied cane varieties.'' Height andAvidth ol bushes, 
thickness of canes, width of IcaA'-es and the Avay in which the leaves curve are 
individual habit characters of value, but we refer here to tlie combination of 
several of these and other factors, Avhich gives the whole a definite appear- 
ance in the field. {Cf. p. 148.) 

When the Srtretha (selfed) seedlings of 1912-14 were nearly ready for 
reaping, an attempt was made to classify them, using as a guide their general 
rosemblauce to other types of North Indian canes : and, on analysing the juice 
at crop time, it was found that, while the individuals in these classes gave more 
or less uniform results, the classes differed widely from one anotber in general 
sucrose and glucose averages. They were grouped as follows : — 

1 . Mv.nr/n-NfmjorMike ■ plants. Short erect bushes with moderately 
narrow leaves curving broadly at their ends, reminding of Mungo, some 
becoming more or less bunched at the end's of the shoots, the short thin 
stems being clothed with dead leaves, reminding of iVafgon. 

2. Small plants with the bushy habit of Mungo but wdth narrf)AAmT leaves 
and some of the outer branches spreading or prostrate. 

3. SarautiAxke plants. Dense, thick, short bushes AAo’th the ends of the 
loaves strict or curved. 

4. BarPtha-Wke |)lants. Tall, erect, with stems rather widely separated, 
the outer canes spreading or obliquely ascending, leaves moderatoly bixiad 
and more or less cuiwed. 

1 This method of ela.s.sifio£i,tion has been .TOCOes-sfiilly usecl by Woodhoiiso and Basil in 
theii’ deselection of the Sabonr sugarcanes,---J’&*d-, 
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5. plaiitH. TJsnally tall;, orcfvt, st: 

slioots only sliglitly fiRcendiiig, wt-ojiis olosnly packod, l('ii 
strict. 

f). Plants with oblique branches, reminding of birds’ 
It, will be seen, from the figures on Plates XV and XV/ 
differ very widely from the parent Sarellia, wliich is a 
considering that all the seedlings were obtained from 
The following are some of the characters revealed in thei, 
at crop time . 


Hrfbit classes 


Miingo-Nargori ... 
Small oblique Mmufo 
fi'aranti ' 

SarfitJia 
Sfiakarchynia 
Oblique or prostrate 


•From the table it would 
according to babit, may be a profitable < 
taking all the characters together, the ch 
best. It has, however, been found ve 
seedlings before they arc near maturity. 

In the Namutl seedlings of the 
out quite early, differing widely from the 
narrow leaves, grew very vigorously and took o 
wild SaccJiarum spontaneum, altlioiigh obviously 
The rest of the SG( ■ 

their erectness and busliinoss, 
the early stages of a seedling 
the results of the final 


appear that tliis line, of separating 
one, and it is Inti'rest.ino 
lass mo.sf; resembling tlm 
cry diHienlt l:o distingu 


•‘Reason 1,9I2-I'I.-, seven were easily 
i’o.^t. in that they had ex 
on a strong rescmblanci 
. , ■ F iiot belonging to that 

ledlings, with broader leaves, were subdivided accor 
, characters Avhich change a good deal 

. and XXIV). The followiii 

examination at crop time :-~ 


Number Leaf width 
of 10 

Heedlinga inches 


wefeit'in '‘'"'ir 

i"i« 


Habit classe.s 


Uinahariim nponl.anmm ela.ss 
Lrect plants with single or 
bunched shoots. 

Bushy plants, broader than 
tall. 

More or less depressed 


Number 

of 

Leaf width 

Total 
weight in 
Ib. 

SiKU'ose 

sfodlings 

incliM 

.iuiro 

17 

5 

1 '<16 

0-81 

ns 

‘JO 1 

14 ‘(14 
I.'rS-' 

a 

1 •IM 

(!!) j 


8 

1 44 

}oo 1 

l i -HO 

6 

1 27 
fl-01 ' 

si{ 

45 

nj'.’n 
i.Tas j 





1 





PLATE XV b. 





Habit types of Saretha selfed seedlings (1912-14). Fig. 3. Nargori-iike. Fig. 4. Saretha-like. 







DESCKIPTION OF FJ,,ATF XVf. 

AW.W. s<.odlmn. (Iiil-J.-M), .S,..-,llnp. I;!.,! 

IfaJcd iuid msi‘nd>lin,j» Sarr/nimm .yioufnnnan m \u(. (j,,- ..,,.iuid !, 

in t.Iie right fon'-gi-miJul. L..\v<>r iigutv. M.UCT, willi urdinan ranr ha..- 
depimsed hiibd:. (see alau 








PLATE XVIL 



An example of habit classes in young seedlings of Striped Mauritius (1914-15). 
For description see the text, page 135. 




iSlw 










It, is scet\ that the early separation was quite successful as far as the 
Saccharinn ,9])onfaneum class was concerned, but failed in the otlier classes, 
which give more or less uniform results at maturity. 

In the examination of the seedlings during the {1914-16) season, consider- 
able difficulty was met with in the attempt to combine several characters and 
obtain general habit classes while the seedlings were young. It is moreover 
to be noted that variations in habit are far less marked in the seedlings of 
thick canes than in North Indian canes. The following may be given as 
examples of such success as has been obtained. In the Striped Mauritius 
seedlings, 500 in number, some ,30 (class 1) were picked out as smallish plants, 
dark green with some purple in the leaves, with a number of small purple shoots 
round a central one or two, the latter very erect, with a single, long, vertical, 
sharp-pointed youngest leaf, the next and succeeding leaves doubling back 
and heavily drooping, the leaves sometimes revoliite or crumpled as if with 
excessive nutrition. Contrast with these class 12, with tall, wide leaves of a 
light green colour, the leaf ends strict and unbending until a much later period 
(Plate XVII). Whether such classes are influenced by unequal nutrition 
cannot be decided. It is obvious tba't with equal but limited root space and 
food material, a smaller plant would be in better circumstances than a 
bigger one ; and this may possibly account for the difference in leaf colouring, 
but it cannot account for difference in the size of the plants nor in their leaf 
endings. 

One seedling among the 500 Striped Mauritius and one among the 350 
seedlings of B. 208 were depressed, narrow-leafed and more, or less grass-like, 
being totally different from the rest in these and other respects. These, among 
other cases noted during the examination of the 1914-16 seedlings, remind one 
of the 7 curious plants in the (200) Naanal seedlings of 1912-14, which have 
been referred to already as resembling Sacnhanmi spontaneum, the wild kaus 
grass. The idea was formed from various facts that these Naanal seedlings 
are not in reality selfed but may be the result of a cross with that species (e/. 
section on Correlations, p. 172), but another explanation is here put forward, at 
any rate for the seven aberrant forms. It seems possible that we have here 
cases of “ ]‘ogues ” similar to those described by Bateson and Pellew in culi- 
nary peas {Journal of Heredity, V, 1). Five of these Naanal seedlings were 
selfed and crossed with Saccliamm spontaneum in the 1913-15 season. The 
selling was expected to result in a splitting by which their original parentage 
would be indicated. But all the seedlings were of the same type, narrow 
leafed, reminding of Saccharum spontaneum, but obviously not that grass. 
One of the 500 Karim seedlings of 1912-14 (Madras Seedling 1017) at once drew 
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attention, wlien planted out in the held, by its great vigour, !t Inid narrmv 
loaves and was very tall and it had a very large miinlxM- of cano.s in I’acl., it 
stood out like a tree in its plot, being entirely diherent to the lust of tlie soc'd - 
lings (Plate XVIH). It had little resemblance to fSarchanmi H'poutancmn and 
there is no reason for supposing that it is a cross.. In fact, it sJiaros with 
the aberrant Naamtl seedlings a great flowering capacity, and lias with t hem 
abundant open anthers and good pollen. This is a character not usually 
exhibited by crosses between sugarcanes and wild forms of Sacchaium. 
The, seedlings of X Sacchanmi .sponianeimi (1912-14), Chiu 

X SacvJumm sponlrmemn (1912-14), and Vul/m >. Sarrhanwi Nmrmja 
(1913-15), while extraordinarily vigorous and fJoAvering ])rofus(>ly, uiav 
almost entirely infertile, as reganls tlieir male organs, "he anthers beimr 
persistently closed and >vith unformed pollen. 

\/^ilRECTNE,SS OF YoUNG ShoOTS. 

This is judged by measuring the angle made by the voung shoots with 
the vertical line. As will be seen later, this angle varies wit}, the age of the 
plan All stages are met with in the seedlings between strictly vertical slnxits 
and those depressed so as to he parallel with the ground, ami there seems tr, be a 
connec ion between this obliquity in the seedlings and in tlieir parents when 
planted rom sets m the ground (Plate XIX). There is, furthermore, a great 
gaieral difference between the thick canes and their offspring and the indi- 
genous Indian canes and their seedlings in this respect, comparatively slight 

^ V th 1 not unknown elsewhere. Besides many grasses, it is ec mmon in '' wild 

p «ilb. Hor », tance, tlie yoopg plants of Acama » pe,.f,.otlv ored 

troe. are, often found lying prone, on the gi-ound. Mr>dljui<l 

In Sbifed UamiHm, Axhy Mauritius, B. 20S and Jam the n„renf dioots 
app^r rare y to deviate from the vertical n,ore than 20 de:roe« I , t 
seedhr^s, of v uch some 1,600 have been raised during the ^re o’n 
only two marked cases of depressed habit ]..>.■« i ■' " 

solitary plants among the Strirei UmritiusanA " 

OUtan and Kaludai Bootkan seem to be similar in *1^0^ ^ 

is usual in thick canes but „ “ "">» 

‘-•»-..«theTi"rs::c2 


PLATE XVIII, 



Madras Seedling No. 1017, a Karun (1912-14) seedling differing markedly from its neighbours. This difference 
was maintained when replanted from cuttings and the figure shows its growth in 1915-16. It is in 
“shot blade,” as is its neighbour on the left. 
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w<‘djin-.s. I/to obihinoness of ii.s .shouis i,s Miiicko.l. 







PLATE XIX. 




PLATE XX. 



Saretha seedlings (1914-16), 5^- months o]d and about to be planted out. A few of the rare, e 
seedlings are figured, as well as some with the central, oldest shoot curving outwards and 
downwards, the later shoots being much more erect. 







DiiiSCRiPTiON OF PLATE XXI 


Savv/ianm apotUuiuuon .si5(.'!dliiij>>i. 'j’lm 
plaiif-s iVtmi oret't and imwtratn nwanin^s. 

The lower sho\vt« a yoiiiif'’ f)liin1 of the la 
of the tippej' figure are juirtow hijdVd, North 
extreme nurrowiicHH of i.he. leaves of Hacchai im 


upfier ligiii‘e .shows j;row'ing .set 
a'purafit'.d in IlMhld. and j»i'uw'n on, 
* canes in <Jn' laK'kgriHUid 
an varieties imlicahiiit* the 
ijMfHkmciim. 
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Boolhan parovit) was, however, markedly oblique. There is some doubt as io 
the. pareniage of the seedlings collected at Coimbatore during that year, 
a.nd tl'iis seedling differs a good deal from the Kaludai Boothan seedlings oi' 
1912-1.4, .Tt has now been carefully studied for some years and certain facts 
noted. In the first place, in it aiid the cases cited below, obliqueness tends to 
increase T;vhen the seedling is propagated by sets in the second year(c/. Plate 
XXITl). Secondly, of 100 selfed seedlings of Madras No. 2, only four show 
any trace of erectness, the rest being practically prostrate. Thirdly, when 
these seedlings were examined before planting out, there was little trace of the 
prostrate habit, owing doubtless to their being planted in pots and placed close 
together in tlie irrigating trenches. This is one of the directions in which 
the new system of saving labour in irrigating potted seedlings has workeii 
badly, namely, in hiding the true character of the seedling {cf. p. 149), 

Among Indian canes. Naanal is generally characterized by erect young 
slioots. But, among the seedlings raised in 1912-14, a great number 
showed a more or less depressed habit, possibly another reason for assuming 
that these seedlings w-’ere not pure Naannl. In PfmmM, although the mature 
plants are strikingly erect, there is a good deal of obliqueness in the young 
shoots, and this is reproduced in the seedlings, maiiy of which show oblique or 
even prostrate shoots (cf. Plate I). Ghynia, another member of the same class 
of North Indian canes, has young shoots which are practically erect and, 
although the seedlings are less oblique than in Pmisahi, there are some which 
show depression. Saretha has very oblique young shoots and the seedlings 
are rarely erect, most of the 1,200 examined in 1914-16 being more or less 
oblique and many actually prostrate, and the same applies to Chm and its 
seedlings planted out in the same year {of. Plate XIX). A special form of 
oblique shoots has been met with in these two varieties which is most striking. 
The first, oldest shoot, arising with slight obliquity, subsequently curves 
outwards and downwards and becomes very depressed, while subsequent shoots 
may be more or less erect. This peculiar habit is showm in Saretha seedlings 
in Plate XX (oj mo.nths old) and is there contrasted with some of the rai’e 
erect seedlings. 

Tt is interesting to note that the growth of Saccltanmi sponianewn 
resembles that of Chin and Saretha in many respects, including obliqueness and 
the characteristic outer, ascending shoots. Some of its seedlings have very 
oblique young shoots and one of them grown on from cuttings has become 
practicidly flat on the ground (plate XXI). Crosses between Sacchanmi 
spontanciitn and Chin and Shaharchynia (the latter a strict, . erect cane froni 
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l^ihav) show'tliis n))li<(iioiio.ss vovy nuu-kodly. TIk'IT is, in I'aci . ia.auM' 

that if there is any obliquenesK in the parents, ii' eoiues out sircui^^iy in the 
seedlings and more so still when the latter are repvodneetl from niliiugs. 

The thirty-eight 1911-13 seedlings have now been grown for several yt'ars 
successively from ciittings, and notes and photographs hax'e Inum tak(m at 
various stages in their growth. Cheni is marked by eonsideraljb^ oblirpieness 
in its young shoots, and this has come out in the seedlings, all of uhieh show 
this chai'acter in varyling degree. By comparing the pluhographs taken it 
has been noted that, while the oblique chaTaeter is distinctly traceable in al! 
the seedlings at four months from sowing the seed, it increases nntil tln^ seventli 
month, and then diminishes nntil, in the tenth, there is liith' trace of it hd'l, 
the shoots gradually becoming erect as cane is fornnkl. On making a similar 
comparison in the case of yoniig sboots of these stH'dlings plunOul from cuttings, 
the obliqueness seems to be greatest at four inontlis and, !)y six nK)n1bs, it 
has more or less disaqipeared. A series of photographs taken of growing sets 
of Madras No. 2 shows this change in habit very well, tlm angle of growth 
having been traced, in several cases, from germination until flow'cring. 'i'he 
mature cane is seen to be sinuous in shape, coninnuicing at an olilkpie angle, 
this followed by further depression and finally erecting its<df as th(‘ ilowering 
period is approached. A paper on tliis subject, was read by M. B. Hy. T. B. 
Venkataraman and myself at the Madras Science Congress in January 1915, 
and .some of the lantern illustrations are here reproduced (Plate XXII), 

It is natural to connect this early obliqueness of th<‘ shoots with a more 
or less .straggling mature habit of the canes, and there a])pear.s to }>e some reason 
for doing this, in that Chin and i^arethu, when growing luxuiifintly in the Fnddj 
are liable to fall and have to be propped. But it has been diflienlt. to tmee 
this connection in many cases and, on the eanc-breeding station, the heavy 
winds and iinusnal rains during the past season have caused almost all th<‘ 
canes to fall and they have had to be raised and tied to })aniboos, thus hiding 
their natural habit. Some, canes showing early oliliqinuicss (juickty i’ec<)ver 
erectness, as for instance, Madras No, 2 Seedling (Plate XXIIT), but otliers, 
and especially some Sareiha seedlings, remain prosti-a,t(' for a gr('at part of 
their existence. The time at which oblique shoots raise thems(dves and 
become ascending is at present nndeternn’ncd in a large number of case's of 
seedlings, although it is fairly early in most cultivated Ciines. The sc'cdlings 
of any batch, especially of North Indian canes, vary greatly in early eroetness 
and, in consideration of its important agricidtural bearing, marked attention 
has been paid to this character in elaissifying the seedlings in 1914-lt). 




DE8CK1PT10N OF f’LATK \XI! 


Thp iigurpK illuHtrate .ifrowl.j) nl' vtnjinj^*-; ol M;hIi'.is K(>cil!.ii_u \»> «. 

ihubtdat Honlhav iniivnt, iroKi nnlii Ihi' iiMun .-t.ilKs .ire 

foi'mcd l-ti arc: oJ‘ sc.ts, placed uji|mHi|c IioIcn ui (Ik- 'tidc.i dI 

Vf'dicuily pkeed [)ut.s. Of the !( Mhawti iti I, I'oar v\crc clinscn in If'iy. 
tu hIiow huw fclie dejjsriH' (»l uljliquc.ticss iiicrc,ara*s with ,si/,c, Tinci- ut (hchc.Uf 
shown at further staji*cs in Figs, .‘i-h, and one of tluun is |iho(o»i'ii|>it(nl in Fi». d 
just boi'ore flowering. Figs. 7-12 show a. .similar .scrIcN. with one gcrminati-d 
sot jilantcd upright in a (xit. 'Dk* oliIi(jm‘iic.s,s i.s already \cry tiuirkcd in .Fi«. »S, 
IS days after phuitingn and in Fig. fi it is shown that the downvMird (rmiciirv 
is hanipercd hy the edge uf the. pol. The plaaif was raised a.nd i-epliMited on 
a heap of earth and stone.s in a Inggei- jmi.. and Fig. jti .slntws fuHiicr depri-.ysnm. 
in Fig. 1.1, erection has commenced a,nd. in Fig. FJ. the lUnvcring .stage (s 
reached. (1 am indebted to Mr. '1’. S. Venkaturuman lor taking thu.sc photo 
graphs which were prepared for ;i pape.i n>;ul by u.s at the Madras Science 
(Juiigresa of January, 191.5). 







XXIII. 

Tile ohiique,u..s.s of .sji,„q,, y , 
iiiontii.s old. Kij,. 2. The .same 7 ',’i '• 

(second , year), d in(mth,s old. Pjo | ‘I'^hiiimted etiHines 

■ I lie siuiie. (i oiuiti.lis old. 










A. iiARBliK 


lii (’oiK'liision, Mic (luptrssed Jiabit robaTcd to alatvc. is not an mic.ouinum 
occun-f'iicn. Many of Mkj (h':iinnuiiO!.e show tavo inarkedly ditTcj'ctii f^i'owlh 
sta.i,n^s, t]i(> Jirsi c-onsisting t)i' much braucJiing of low shoots and the sf'cond of 
the erection of (lowering sjdkes. But this habit of growth is not altogeiher 
disadvantageous, for it does not <liinii)ish tlie number of ears (jf grain boj’ue 
aloft at harvest time, tii the sugaj’cuue the inflorescences are also ('reel, but 
that is of little importance, and tlie twisted natuias of the stem is a jnatter td' 
real conceriL 


'rillering varies a. gia'at deal jummg seedling eanes, ai\d (lie e:im>e ol thin 
is not understood. iMany of th<'n>, csjaH-ially aimmg Ho* tliiek(*r caiies, a( 
first develoji a, single eainvlike shoot which becomes <pii(c large bebire aiiy 
otheis are foriiKHl. Others again send out- a. nmiiher of smaller e(|ual shoths 
which continue to grow for som<' lime before (nie ol tln'in bec.omes a. leading 
shoot and ouls1rij)s the. resi (|H. XX.IV. We«‘ also 1*1. XVI). 'I’lie, (wo 
extremes arc usually only met willi in tin' liuliau canes, where ne gel, on the 
one hand, a single cane-like sln»ot and, on ( he oi lier, a, di'usi' mass of small lealy 
ones with tjiiii leaves, for all the world like a. iuft of grass (r/. 1*1. XIX). Tlie 
latter form is not generally found in tln^ se(‘dlings of thick (‘fines w li<‘rt‘, liowever. 
it is not infrequent for a seedling to devdop a nundu'r of tallish, graeidul 
branches so us to resemble fi full grown plant, of tntxi (Xe/( 0 '/h ittdivu). No 
connection lias at present biam established lietvvemi tlie number of slmot.s 
early diwelopcd and tlie matui'c habit of the siaalling but, a,s a. rule, se.edlings 
of Indian canes have, like their parents, far more braudu'S than t he t hick 
tropical ones. Tliis Is readily seen in the aceoinjaiiiying table. 

Tilhriiuj in wedUinjn of imriom 



Parentafje 

Number of 

Average 
iminbar of 

Avaraiio 
uurnlior of 

lltmiarkH 





.shoo(..s 


Thi(!k Ciuies 

Olufctan 

4Si) 

13 




Karuu 

SOB 

13 '5 

4*0 ' 



Kaludai Boothan 

57 

15 

0 


Indian OancH 

i*oovan 

13 

11 

! 0 


Nuanal 

ISO 

A j^reivt 

inauher, 

1 TUo nundjor wii'-i 


Sarotha 


but, not 

counted. 

ewpecially lar^o in 

1 “ *S po n ta n imi m 
OklHH” (cf. H. XVI) 


19 



(Jheni 

IB 

14 

i:K) 


OrOHH with Wild 

1 -Shaka r e h y n i a 

6'2 

Si 

Not noted 

j (c/. VI VI.) 

(Jane. 

1 X t^afiok, ftiM/iU, 
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Leaia-Toas. ■. 

One. of tho most, striking habit diUVrontu's in cuil ivuti^<I I'iiiu's is Mh* 
form assuinod by the ends of tJieir l<nivc.s, Sonns lik<‘ i^hakarrhijant 
{Pi. VI, fig, 3), have stiff, iinbonding tips; otluirs liave a sinti'p bond or 
break near the end, as in most, if not all, of the i'hiu allianee {('hut, 
Saretha, Kaiha, Kmimr, Lalri)^', others again, altlunigh moderately stiib 
soon bend slightly as in tho Mungo group; while tin*. Pnumhi gmiij), 
consisting of Pansahi, Yuba, Mamwia, Ijtta, DiriThau, t^ahatah). kaltu- 
etc., have broad leaves whicli, from tho first, soon hotul in wide and 
graceful curves. There are similar dilTeronees in almost every bajeh ul 
seedlings which has been exainine<i. It is tru<‘ that, in many fdant.s thi.s 
curving of the leaf ends depends a goo<l deal on tin* rate of growl ii atnl 
the amount of food and moist.ure available. DilTerenet's (^an be Msm in 
any field of young cholmn ov jiKir {Aiidropogov ptnyhtiut) (PI. XX\'). and on 
tJie banks of the railways among the various .'ija'eimens of the .'>i longer 
wild grasses, but, considering the fact tliat it. is attenipteil to grow ;d! tin* 
seedlings under identical conditions and tliat. the varieties of cultivated 
canes differ so markedly iu this resjiect at maturity, a gmod deal of atteniimi 
has justifiably been given to the leaf tips in examining tin* sei'dlings. Tin* 
bending does not seem to liave aiiylhing to d.<i with the whlfh or tfn* 
length of: the leaf, nor with the general eondilioiis of tin* plants and. 
accordingly, one of the first selections has been to piek otit all the plants 
with strict, erect leaves whose tijis do not soon heml. it was generally 
possible, in the Ihl'f-K) seedlings, to obtain about. ld% in eaeli })aleli 
with erect tips, but (Jhoti and Jam sliowed a stronger tendency tov^^^ld^. 
this character. Most of the seedlings had leaves soon hroaiiiy eurxing. 
while here and there it was pos.sible to ])ick out sueh as were distinguished 
by the leaves being bent back so that the. ujijier part was almost parade! 
with the lower {of. PI. XVU). 

Width oi? Leaf. 

There is great variation in the width of the leaf in any bateh (»f s<'(>d!ings 
of common parentage (P). XXVI), while the general averagi* width in diif'erenl. 
batches often hints at their parentage. Ju fifty young Chmi seedlings ( 1 1) I T- It;) 
this variation was from 0*45" to 0*90", the broadest leaf being elulseu in each 
case, and iu Kalndai Bootkan the difference was betwe-cn ()'(>" and I*;;". Al- 

^ Barber, C. A, Mm. Depl. Ayr. Ind. But. Berm, Vol. VJ], Mu. {, J'ls Jl| aiul !\’ 
Ibid, PI. XVI, 
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In conclusion, tkc de]5resscd liabit referred to above is not an luieoinmon 
occurrence. Many of tlie (Iramminese show two markedly dili'ei-ent growtjj 
stages, the first consisting oE much branching of low slioots and the second of. 
the erection of flowering spikes. But this habit of growth is not altogether 
disadvantageous, for it does not diminish the number of ears of grain borne 
aloft at harvest time. In the sugarcane the inflorescences are also erect, but 
that is of little importance, and the twisted nature of the stem is a matter of 
real concern. 

Tillering. 

Tillering varies a groat deal among seedling c.aiies, and the caiist'. of this 
is not undei’stood. Many of them, especially a.niong the thicker canes, at , 
lirst develojj a single cane-like shoot Avhich becomes (.|uitc largo before any 
others arc formed. Others again send out a number of smaller equal shoots 
which continue to grow for some time before one of them becomes a loading 
shoot and outstrips the rest (Bl. XXiVh fSee also Bl, XVl). The two 
extremes are usually only met with in the Indian canes, where, we get, on the 
one hand, a single cane-like shoot and, on the other, a dense mass of small leafy 
ones with thin leaves, for all the world like a tuft of grass (c/. Pl. XIX). The 
latter form is not generally found in the seedlings of thick canes where, hou-ever, 
it is not infrequent for a seedling to develop a luimbe]' of tallisli, graceful 
branches so as to resemble a full grown plant of UnKii [Selaria iUdica), No 
connection has at present been establislied between the imiuber of slioots 
early developed and the mature habit of the seedling but, as a rule, seeilliiigs 
of Indian canes have, like their parents, Ear more branches than the thick 
tropical ones. This is readily seen in the accompanying tabic. 


Tiller imj in, seedlings of variom parenlage. 



Parentage j 

1 

Number of 
seedling.s 

Average 
number of 

Average 

I number of 
small 

Remarks 


i 1 


shoots 


Thick Canes 

Chittan ... j 

489 

13 




Karuu ... l 

308 

13fj 

4-r> 



KaludaiBoothan 

57 

15 

6 


Indian Canes 

Poovan 

13 

11 

1 6 


Naanal 

180 

A great 

number, 

The number was 


' 

Saretha 


but not 

counted. 

especially large in 
“ S p 0 n t a n e 11 in 
class” (c/, PI. XVI) 


49 

! Together 52 


Oheni 

18 

! 44 

13-5 


Cross with Wild 

Shakar chy n ia 

62 

1 

Not noted 

(c/. PI. VI.) 

Cane. 

X Bacch, sfxMf,. 


1 




I ,l(! STUDIES IN INDIAN SUGAUCANE SEEDLINGS 

Leaf Tits. 

One of the iiiost striking habit differences in cultivated canes is the 
form assumed by the ends of their leaves. Some, like tihaliWy'hijH'y 
(PI. VI, fig. ?>), have stiff, unbending tips : others have a sharp bend or 
break near tlie end, a.s in most, if not all, of the Chin alliance {Chin, 
,S(treth((, K((th((, AhoasT/r, others again, although moderately stiff, 

.-ofm bend slightly as in the group ; while the Pansahi group, 

consisting of Paustihi, Yuba, Mmierid, Lata, Dichchan, Sanachi, Kahu^ 
(he., have broad leaves which, from the fi,Tst, soon bend in wide and 
graceful curves. There are similar differences in almost every batch oi 
seedlings which has been examined. It is true that in many plants this 
curving of the leaf ends depends a good deal on the rate of growth and 
the amount of food and moisture available. Differences can be seen in 
any field of young cholam oi juar {Andropogon Sorghm) (PI. XXV), and on 
the banks of the railways among the various specimens of the stronger 
wild grasses, but, considering the fact that it is attempted to grow all the 
seedlings under identical conditions and that the varieties of cultivated 
canes differ so markedly in this respect at maturity, a good deal of attention 
has justifiably been given to the leaf tips in examining the seedlings; The 
bending does not seem to have anything to do with the width or the 
length of the leaf, nor with the general conditions of the plants and, 
accordingly, one of the first selections has been to pick out all the plarit.s 
with strict, erect leaves whose tips do not soon bend. It was generally 
possible, in the 1914-16 seedlings, to obtain about 10% in each batch, 
with erect tips, but Cheni and Ja«a showed a stronger tendency towards 
this character. Most of the seedlings had leaves soon broadly curving, 
while here and there it was possible to pick out such as were distinguished 
by the leaves being bent back so that the uj)per part was almost paradel 
with the lower (ef. Pi. XVII). 

Width, of Leaf. 

There is great variation in the width of the leaf in any batch of seedlings 
of common jiarentage (PI. XXVI), while the general average width in different 
batches often hints at their parentage. In fifty young Cheni seedlings (191 4-1 6) 
this variation was from 0*45" to 0-90", the broadest leaf being chosen in each 
case, and in Kahidai Boothan the difference was between 0"6" and P-S". At 

> Barber, C. A, Menu Deft. Agr. Ind. Bot. Berm^VoX. VII, No. 1, Fla HI and 'IV 
^ Ibid, PI. XVI. 




Young Cholam plants {Andropogon Sorghum), grown on the Cane-breeding Station. They were all 
sown at the same time, but those on the left are in a damper place. The difference in leaf tips is marked. 





P1.ATE XXVI. 



Chitlan seedlings (1914-16). Typical broad and narrow leafed classes. 
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f/hc first glaiice it is natural to assume that, in this leaf width, carrying with 
it greater assimilative power, there may be a difference in the ultimate value 
of the seedling and the quality of its juice. And this suggestion receives 
support in that the indigenous Indian canes are, as a whole, characterized 
by extremely narrow leaves as contrasted with canes grown in the tropics. 
Thus, the width of a leaf in the Chin group might be anything from 
0’6"— 1-3", in the Pansahi group from 1'5"— 2-0" and in exotic canevS from 

2-0"--4'{r. 

Cojisiderable attention has accordingly been paid to leaf widtli in the 
seedlings examined. It must be conceded that there is a great deal of 
variation in the width of the leaves of each individual seedling, dependent 
on the vigour of growth and the age and position of the leaf on the 
stem. In order to obtain a common basis, it w'as decided to measure 
the widest leave.s observable. All the seedlings are thus measured at 
crop time, ten shoots being taken and the widest in each measured 
and an average struck. This has given on the whole satisfactory 
results, and ordinary variation curves have been obtained for each 

set of seedlings. That for 360 iifamw seedlings is appended below*. But 
it has been found that this method is unsafe if applied to young and grow'- 
ing plants. In a batch of half grown AT/mw seedlings (.1912-14), 236 in 
number, this method of averaging the widest leaf was adopted, but the classes 
resulting, when compared wdth those obtained in the same seedlings at crop 
time, showed many serious discrepancies, and this has led to a study of the 
leaf width of sugarcane plants at different periods of growth. In a growing 
shoot it was observed that, for a considerable period, each new leaf was on 
the average wider than its predecessor and thus, in seeking the widest leaf, 
this was usually found near the apex of the shoot. It is obvious therefore 
that the leaf width of any seedling, judged by this method, will be influenced 
by its relative vigour of growth as compared with its neighbours. The more 
rapidly growing seedling will obtain a higher place in leaf width than is 
justified by its ultimate development. It has not yet been ascertained at 
what stage the maximum leaf width is reached, but experimental measure- 
ments are being made with a set of plants to determine this. It has been 
assumed that, in fully matured plants wdth healthy leafy shoots, this 
error is eliminated, although it is possible that, by this time, a converse 
diminution of leaf width may have set in. 

■ The accompanying table gives the leaf wddths of the 1912-14 seedlings 
with apjproximate figures for their parents. 
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Average extreme leaf imdth of mature Hcedlingi^ parenft 


Parents 


Chittaii 


Each tigiiie was obtain- 
ed by taking 10 shoots, 
nieasnrinK the widest 
loaf and taking an 
average of the ten. 

The average of all the 
seedlings in Ohittan, 
for instance, is the 
grand average of the 
averages above men- 
tioned in all tho 521) 
seedlings. 


Karon 


Kaludai Boothan 


Poovan 


The ‘‘.Extreme tJasos ’ 
are tho lowest and 
highest averages ob- 
tained in these 529 
seedlings. 

Two sots of observa- 
tions wore ina.de for 
the parents, hot in 
neither case were 
these well grown. Tho 
figures for tho parents 
are thus only approxi 
niations. 

Braphs wore prepared 
of nil ihe sets of .seed- 
lings, of which one 
(Karun) is roprodneed 
below. The others 
were similar 


Cheni 


Naanal 


Saretha 


Shakarchynia 

X a a cek a r jt m 
sponMneum 


CURVE OF EXTREME WIDT, 
•iW) MATURE KARUN ‘SEEDE 
Average 2‘4 


Leaf width 1 4''“-3'7' 


! SEEDLIJiGS 

j Faeents 

Number i 

Av. of all 
the 

seedlings 

1 

1 

i -2 

0*28 1*4-3 6 

■ : 

2*4 

2 5 1 

360 1 *4-3*7 

2*4 

2-4 

2-3 

75 I l'3-3*3 

2*4 

*2-5 

1 

1 

1 2-8 

1 

13 1-7-3 0 

2-2 

1*8 

i- 

20 

19 0-9-2-4 

j 

1*6 

‘2*4 

2'(.l 

1 

i 

73 ! 0-6- 2*1 

1 

■ ■ 

1*4 I 

1*9 

i 

1 

i ' 

j 

45 j 0*4-1 -9 j 

i 

■■1-0 1 

■ I 

1 


64 i 0-3-1-3 

i 

0*8 ■ 

/ 

1*25 ( 

i 

i 


1 0*4 1 

j 

""‘i 

- 1 


. i 



With actively growing seedlings another method has been adopted which 
it is hoped will lead to more satisfactory agreement with the comparative 
leaf width at crop time. This consists in viewing well-growm plants of the same 
age at a short distance, estimating the average leaf width and measuring a 
leaf which seems to represent this average. The following are variations 
recently obtained in this maimer, Ashy Mauritius (150) 0-7"— 1-9'', Strijied 
Mauritim (500) 0-8"— 1-7", Chynia (60) 0-8"--l*75", Pansahi (250) 0-7"— 1-2", 
Chin (200) 0-25" — 0-90". This method of judging the average is not very 
applicable to mature seedlings, because of their height and general inacces- 
sibility. 

Colour of the Leaves. 

There is considerable difference in the leaf colour of different varieties 
and species of Saccharum. Saccharum spontaneum has bluish green leaveS; 
Saccharum anindinacemn light grass green and Saccharum Narenya has more of 
a brownish tinge in the green, as grown at Coimbatore. KatJia has glaucous 
green leaves and is thus readily distinguished from Dhanhi of Gurdaspur 
in which the bluish colour is less apparent, while members of the Nargori 
group may be frequently distinguished by a jicculiar co])pery brown tinge. 
In thick canes there are similar variations in tint which appear to be of taxo- 
nomic value. Among the seedlings examined, a glaucous tint is often met 
with in those of Chin parentage, and occurs in most of the seedlings which 
have Saccharum spontaneum blood in them. Some of the seedlings of Jotv#, 
Striped M.awriliHS; B 208 and Saretha have a marked purple tijige in the leaves, 
and in the two former varieties this colour invades the midrib, which becomes, 
in the absence of green there, a strong violet. Besides this, there are colora- 
tions due to the invasion of specific fungi, which seem to occur in certain 
seedlings and not in others. Striping of the leaves has not as yet been met 
with in the seedlings of indigenous canes, but it appears occasionally in seed- 
lings of thicker canes. In B 208, Striped Mauritius, Java and some others, 
striped leaves occur regularly in about 2% of their seedlings. This is 2 )ro- 
bably connected with incipient striping of the stems, a vei;y rare occurrence 
in seedling canes (c/. under colour of canes, p. 146). 

A marked difference can sometimes be noted between seedlings with 
dark green leaves and those of lighter, yellowish green, but this difi'erejice may 
be either inherent oj: due to alkalinity or salinity of the soil or irrigation water, 
and this fact makes it necessary to exercise some care in classifying the seed- 
lings according to this character. There is hardly anything in whicli cane 
varieties differ more than in their capacity for resisting excess of salts in the 
soil and, as there is a good deal of salinity in the Cane-breeding Station, this 
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lui-s been carefully studied (c/. Pi. VII and tbe text). The first indication nC 
the effect of salinity is seen in the yellowing of the leaves. An interesting 
fact was noted in a batch of Saretlm seedlings transplanted direct Ironi the 
pans into the ground, when three months old, A prelimma,ry separation was 
made, at six months, between dark green seedling.s and such as had light 
green or yellowish green leaves, but the final examination was delayed, for a 
week, after which some of the dark green seedlings were noted to have become 
yellow. There was heavy rain during the week. The cause of this was at 
once understood, and may be explained by the curious effect produced by 
heavy rain .shortly before the Agricultural Conference met at Coimbatore in 
1913. The field of cane varieties was healthy and dark green, when a couph' 
of inches of rain fell, and the whole field turned yellowish. After some study, 
the following explanation was ofl’ered and this has been substantiated by 
further observations. The slightly saline land, during irrigation in the trenches 
had accumulated a layer of brown, powdery earth just above the point to 
which the water reached, each ridge showing this layer distinctly at the 
point where, presumably, evaporation was strongest (PI. XXVII). On 
analysis, this powdery earth show^ed the presence of as much as 11% of salts, 
chiefly sodium chloride, and the heavy downpour appears to have washed 
the salt down to the roots of the canes with resulting yellowing. Any attempt 
at classification according to the light and dark green colour of the leaves 
of seedlings must be approached with caution. 

Coloration of the leaf sheath, other than that due to disease, is a well 
marked distinguishing character in young seedlings, although it becomes 
difficult later on. The sheaths may be pure green, although this is compara- 
tively rare. They are usually tinged with light purple, pink or a vinous 
colour. Sometimes they are strongly violet or bluish purple or even a clear 
pink, and a number of classes have been instituted according to variations ii] 
the colour of the leaf sheaths, which is rarely constant in any batch of seed- 
lings. The colour of the very small shoots, although depending primarily 
on the colour of the leaf sheaths, appears to be of a somewhat different 
character. They are either green, purplish green, dark purple or sometimes 
almost black. 


The colour of the transverse marks (the small triangular patches of colour 
on each side at the base of the lamina where it joins the sheath) is easily seen 
in young seedlings, and affords a useful separation character. The colour 
varies from very dark chocolate to purple, reddish and brown to wax coloured, 
yellow, green and greyish white, the latter probably owing to bloom. 
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DEBCRIFTION OF VLATE XXVn. 


Ff)rmation of a layer of brown, powdiMy, .saline ciirt;!) in irrioaled treuidn's in 
till* CaiU'-ln’f'e.ilin^’ tSfatiou. Thi.s was on untreated land where the oanes were 
first planted, in lUlli. For details of tin's powdery (*!irth. wliich is formed at 
the point of greatest evaporation, eomsult. the text. Tlie [loor growth of the 
think caties Is seen at (lie side. The- eeutrul jiurtion was unplanted. 



plate XXVII. 
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Colour of the Canes. 

Ill noresjjoctdo the seedlings of any one batch differ more widely among 
tlicmselves than in the colour of the canes (c/. PI. XXVIII). It is moreover 
extremely difficult to classify these colours, because of the number of difl'ercnt 
sliades in any one cane, and it is probable that each observer would adopt a 
diherent system of grouping. It is, naturally, not possible to determine the 
colour of a cane in very young seedlings and the following facts have been 
elicited from a study of the seedlings of 1912-14: at crop time, the colour of all 
liHving been recorded when they were prepared for final chemical analysis. 

The classes adopted were as follows 

(1) (rieen, including various shades of green, yellow, grey to almost white 
through heavy bloom, there being no tinge of brown, pink, red-brown or 
purple pi-esent. 

(2) Brownish and vinous tinged greens. 

(3) Purple, claret and red, the latter being rather indefinite, but neither 
claret nor purple. 

(4) Striped. 

Subjoined is a table giving the colours of the parents and the proportional 
colours of their offspring. 

Colon) 0^ cciftes 'in aeedlmfjs and 'parents. 


Colour 

of 

parent 


- . 

. I Striped, da- 
I ret anrii 
I j?r e e n 
yellow. 

. i Claret 


K a 1 u d a i 
Boothan 


Clieni 
Poo van 


C r e y i s hi 
green withj 
V i n o u si 
tinge. I 
Green wheii 
young 
CO m i n g| 
brown ori ed| 
when old. 
Green 


I « 

lr% I I 


■IfiS 56 

S37 4-t 

56 4-1 




Ca I O 


...I 


Striping of parent 
bi'eaks down. 

Com p a !• a t i V e 1 y 
large percentage 
of clarets. 

Comparatively 

large percentage 
of vinous. 

Com p a r a t i V e 1 y 
large percentage 
of brown, s and 
teds. 

Greens with brown- 
ish and vinous 
tinge. 

I Too few seedlings 
( available. 
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There are one or two interesting and unexpected features brougiit out. 
in this table. lii the first place, the colour of the parent has some, little 
influence, although comparatively little, on the colours to be found in the 
seedlings derived from it. This influence is seen in the comparatively hirgi'r 
proportion of clarets in the Karun seedlings, vinous in Kaludai Boothan aiul 
Poovan, browns or reds in Saretha and greens in Oheni. But it is a rather curious 
fact that the proportion of the greens is fairly uniform in most of the. groups. 
With the exception of the last two classes in the table, in %vhich few seedlings 
were available, this proportion is more or less 50% of the total nuinber of seed- 
lings in each case. Of the total 1,034: seedlings in the list, 49% are greens. 

The question of Siriping, again, is always of interest. One would expect 
that, in the seedlings of Chitlan, a striped cane, there would be a largtu’ ])r()- 
portion of cases with striping in the stem. But tliis does notajqjcar to be 1-he 
case. The strqjing breaks down completely in the seedlings, and, wflioji it 
occurs, it is connected Avith striping of some of the younger leaves. It a])])cars 
that this coloration arises as a sport in one-colour canes. The folloAving 
instances of this have been noted in recent years in Madras, and tliere arc 
doubtless others which have evseaped the rather perfunctory attentioii given 
to the subject. B.ed Mmirilim (a dull or dark claret cane) has been observed 
sport ill two directions. A variety of common appearance has full and 
dark red stripes, and another less common one has an element of green alternat- 
ing Avith the red. A set of Mmieria (a greyish green cane) plants received 
Sahour has shown several striped sports. B. 376 shows occasional 
striped sports, and a striped sport is recorded of B. 1629. Most of these have 
been subsequently lost, from one cause or another, and in a good many cases 
the striping Avas not very pronounced. Once, hoAvever, a striped cane has 
arisen, it frequently splits into its tAVO component colours. Thus, in every 
field of Striped Mauritius and Striped Tanm, green sports are found, in the 
tteu case the green or yellow easily blushing bright red in the sun, as this 
colour does in the parent stem. Striped Singapore (possibly a local variation 
of Chittan) has been observed also to produce greens. Red sports are less 
common, but a well authenticated case has been met with in Striped Mauritius, 
the cane thus arising being of considerable agricultural value.i 

Thickness of Canes. 

This was measured at crop time in the 1 912-14 seedlings. As seen in the 
accompanying table, the thicker canes produced the thicker seedlings, and the 
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rangool variatioiiK in any batch of the .same pai’eiitago is more oi- ]e.ss constaiit, 
the thitme.st cane being, roughly, lialf the diameter of the thickest, Tiie 
thu‘kne.ss was determined ])y spreading out 20 canes, selecting tlie average 
and measuring it at the middle. The accompanyijig photograph (PI. XXVTII) 
givo.s some idea of the variation in seedlings of the same parentage in this and 
other respects, • 


Thickness of canes in seedlings and parents. 


Parents 

Thickness in 
parents 

Number of 
seed lines 

Extremes in 
thickness of 
, seedlings 

Average thick- 
nes.sin .seed- 
lings 

Notes 


cm. 


cm. 

cm. 


Ohittan 

2 7 

473 

1-5-4-4 

32 

The thicknes.s in any seedling 

Karun 

•2-9 

318 

2 0- 4-9 

3-3 

was judged by spreading out 
20 canes, selecting an average 
one and measuring it at the 
middle in a piano at right 

Kaludai Boothan 

3-2 

,56 

2-4 -4-4 

3 ‘2 

Poo van 

3-1 

11 

2-2-4 0 

3-1 

; angles to that passing through 
the bud. 

Naanal 

2-1 

65 

1-3-28 

2-1 

The thickness of the cane in the 

Cheni 

t 2-2 

18 

0-6 -1-2 

2-0 

parents i.s an average of pre- 
vious measurements found in 

Saretha 

1-5-2 0 

43 

1-1 --2-8 

1-8 

the notes on these varieties 
grown in various places. 

Shakarohynia 

1-5 -2-0 

1 62 

0-8 -1-6 

1-1 

Measurement was done by 
calipers and is in oentimetre.s. 

X Sacch. spontm- 

0-5 -1-0 

r 





The above mentioned are the chief characters in which young seedlings 
have been found to vary. Other minor diherences, such as length of internode 
(usually greater in Indian canes), flatness of leaves (whether incurved, revolute 
or crumpled), colourings due to minor leaf fungi or insect or other attacks, 
and so forth, have been noted, but the results are at present too vague to be 
used in classification. The whole of the 3,400 seedlings planted out hi 1914-16 
have been divided uj) into groups according to these characters, and the 
following classes in 500 Striped Mamitius seedlings (general collection) may 
•servo as a type of the method adopted'. • The seedlings were examined in two 
lots, of 300 and 200, which accounts for duplication of classes. 

Class 1 . — (40 seedlings) 'Some purple in the leaf. 

CZn.ss 2.— (60) Plants with bright pink leaf sheaths. 

Class 3. — (9) Some striping in the leaves. 

Class 4— (30, practically all that were discoverable) Sheaths green, with 
hardly a trace of purple or pink. 
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(jlffss 5. (40) Leaves revolutc or, at aii,y rate, siiiuoiis, 

Chfts 6.— (20) Leaf tips with a sharp baekward ciirvis llie youni>;('st 
leaf usually with along erect point, otherwise resenibiing the last class. 

Class 7.— (20) Tenai-like. seedlings {Setaria ilalica). 

Clasii 8.— (20) Broad leafed plants, with strongly growing slioots, the 
broadest leaves of which varied between LG" to 2'()" in width. 

Cte 9.— (20) Narrow leafed plants, with strongly growing shoots, the 
broadest leaves of which were less than 1 ’3" wide. 

Clrm 10.- - (20) TransAi^erse marks sharply coloured. 

Class 11. — (20) Transverse marks not strongly coloured, often pule green 
or yellowish. 

Class 12.- (10) Leaf tips erect (only 12 being met with). 

Class 1 3.-- (40, all that could be found in 200) l)ui>licate broad h'u fed lot , 
widest leaves varying between L3" — LG". 

Class 14. — (40, although more could have been obtained in 200) Dupli- 
cate narrow leafed lot, widest leaves under L3". 

Class 15.— (10 plants, all that could be obtained in 200) An addition 
to class 6, small, slender, daih green seedlings wdth poor tillering. 

Class IG.— (30) More or less bushy plants, with or without a main strong 
shoot. 

Class 17. — (30) Not bushy, with strong main shoot and few others. 

The remaining 32 unclassified, with 8 selfed seedlings added. 

A certain amount of correlation between some of these characters is 
noticeable ■(see also General Habit classes, p. 133 el seq.). Thus the " Tnavi- 
like ” plants, resembling Setaria italica, with a number of equal but not vt'ry 
.strong shoots, are usually of a light green colour, and their leawe-s are narrow 
and bend gracefully at the .same angle all round. The typical purple-leafed 
plant has dark green foliage, the plants are usually small but look very healtliy, 
the young shoots are very dark in colour and the leaves bend back very shaijdy, 
often with one very long, acicular point in the middle of the plant. The pink- 
sheathed plants are often large, with comparatively few’ shoot, s and witliout 
dark coloured small shoots. The erect-tipped leaves usually belong to jilanf s 
of a pale green colour, often broad leafed, and so forth. Tliese correlatioii.s 
have not been definitely settled, but they give the impression that fiirtlun 
study will show^ that certain infantile characters of the seedlings will be found 
to be related and, if this can be proved, a great step in advance will liave b('eii 
made, for all present indications point to the fact that any classification of the 
cultivated sugarcanes must be based on the accumulation of a numhei' of, 
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vtM'y iiiimitn, niorj)h()logical cliaraeters which, taken together, give the 
pliuit a, 11. indefiiiahle hut real form of habit. 

One of tli(‘. chief (lilHcultie.s met with, in this habit stud'y, has been (as 
aJready si;ated) 1-hat. the method of arranging the seedlings in their early stagc.s 
has i)een <Iictated by the need for economy in watering. They are at first 
raised in shallow pans and then pricked out as soon as they show themselves 
1 ik(dy to be healthy and vigorous. They are transferred to nine-inch pots when 
()" to a foot high, and these are arranged in wide trenches so that they can be 
watered all together by filling the trench (c/. p. 114). They are usually 
.kept in the pots until about six months old and then some of them 
are already four or five feet high. The disadvantages attending this 
j)i’()(;ediire was v(U‘y clearly sliown in the seedlings raised during the 

1914-10 period. Owing to the very large number of healthy seedlings 
available, a set of one thousand were planted in rough ground, at one 
foot apart, when tliree months old. Another large lot were planted in 
pots in the usual manner and irrigated all together. Yet a further lot 
were retained for five months in their pans and then potted. Some 
hundreds were left in their pans and not even pricked out, while, lastly, 
a batch was planted in the ground when quite young, close together, being 
intended for the supply of failures in those raised in the pots. These separate 
lots of seedlings were examined and photographed at six months of age and 
varied, from six feet high, in those planted early in the ground close together, 
to 1 — ^2 feet where left in the pans. The habit in all but one lot was fairly 
uniform and no classification was well possible according to this. Only those 
planted one foot apart in the ground showed habit differences well, and these 
varied from absolutely prostrate, through strongly oblique, by various stages, 
to nearly erect, besides showing other differences, such as in the shape and 
denseness of the plants. 




VAKlATtON IN THE SUCROSE PBRCENTAOE IN THE JUICE. 


The cliemioal analysis of the juice of the seedlings and cane varieties is a 
heavy tax on the .staff at disposal. Because of the incidence of most of this 
work at one time of the jear. it was not thought neces.sai7 to attach more 
than one chemical assistant permanently to the staff of the Sugarcane Expert 
but It will easily be gatheml, from what follows, that this a,ssi,,tant is quite 
unable „ deal unaided with the work during the period of stress. I am 
indebted to the Coyer, unent Agricultural Chemist for generously placiim two 
of his as^staiite at my disposal during the whole of the cropping seusoi.rthus 
making three altogether available for the chemical analysis of the canes. 

The data obtained in the analysis of a seedling are as follows number 
of canes out, weight of canes crushed iu lbs., weight of juice obtained, per- 
centage of juice to cane, Btix (corrected) per cent., sucrose per cent in the 
juice, glucose per cent., glucose ratio and co-efflcie,it of purity. For various 
reasons, in judging the value of a seedling, it has not been considered .sufficient 
merely to make an analysis of the juice at harvest time. For one thing the 
season ,s m long protracted, because of the number of analyses to be cot 
through, that some of the seedlings would be heavily handicapped by this 
method, and, for another, time is available before harvesting commenL to 
make a series oi preliminary analyses to gauge the rate of ripening in the 
p 0 ts so as to be able better to judge the date at which the final analyses 
-hould be made. The former .series of analyse.s. made on one or two canes 
IS termed he ' petty series ” and the final analyses the “ bulk,” dealing as 
It does with w-hat canes remain in each clump. There is little doubt that the 
seec mgs o, ifferent parentage difEer very considerably in tlieir ordei' of 
ripemug, and the petty analyses give some idea as to the order in which the 
plots should bo cut for final analysis. 

The total number of analyses made since the foundation of the caiie- 
bieednig station (excluding preliminary soil analyses done by the Government 
Agricultural Chemist) are as follows ; 


1912 Cane Juice 12 
191'^ „ 92 

1914 ,, 2909 

„ 400 


Others 52 (miscellaneous) 

» 43 (mainly well water) 

(mainly chlorine determinations 
S8 J ip cane juice) 


4 
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Td order to form an estimate of the relative riehness of the juice in tlie 
se.edlini^s. the plan usually followed in other countries was at first employed, 
namely, tf) consider the bulk analysis at crop time. But certain peculiarities 
ill some of the curves obtained led to a full study of the whole series of bulk 
and petty analyse.s, and it was seen that to take the bulk alone into consid(*ra- 
tioii might be misleading. For instance, during the 1914 harvesting seasoig 
in order to test the ripening of the canes, certain of the Naa)ial seedlings were 
analysed once a fortnight, and the results are given in the table appended. 

F<)rtni(}hlhf analyxes of the jidm in Naanal See(lh')igx (1912-14). 


Madras ( Snc)V% {5{i3 6-65 7*,S2 6-(>9 771 0-87 
No. 14U \ Glac.% 2'94 .2’3S 2-()8 1-60 170 r67 

Madras / Sncr.% 10-26 9-i;i 10-83 lfl-.39 9 89 lfl-32 
No. 14.39 1. Ghic.% ’2'08 2*08 1-67 1-92 1-67 1-2.1 

Madras f Sucr.% 4-79 6-22 7-30 7‘84 7-03 0-83 

No. 1434 1 G!ho.% 2 17 2-08 1*39 1-60 1-56 1 38 

Madras f Siicr.% lO’Sl 11-19 11-94 13-48 14-00 14-47 

No. 1474 \ Glac.% 1-7-2 1-67 1-53 1-39 1 04 1-16 

Madras f Slier.?,, 7-57 S IS 9-53 9-36 8-81 12-53 

No. 1490 I GUic.% 1-67 1-61 1‘19 1“20 I'-QO 0-68 


5-30 6-79 
1-47 1-28 
10-53 7-5-2 
1-14 1-11 
5-86 13-40 -14-48 
1-1 1 0-40 0-32 
13-00 10-31 9-28 

0-74 ()-40 0-63 
10 92 10 71 8-00 

0-54 0-36 0-54 


7-06 6-06 
1-30 1-47 
9-31 10-04 
1-16 1-25 

7- 21 
0-17 

8- 46 
0-61 

9- 44 
0-37 


10-63 

0-67 


In all of the,se there is a steady fall in glucose percentage from start to 
finish. In Nos. 14-] I and 1439., the sucro.5e varies little throughout the series, 
and a very fair idea would be obtained of the richness of the juice from the 
bulk analy.ses alone. In Nos, 1474 and H90, on the other hand, there is a 
fairly .steady rise in sucrose to a maximum, followed by a decline towards 
crop time, showing apparently that the canes were overripe when finally 
analysed in bulk. It is thus seen that the glucose determination alone is not 
•sufficient to determine ripeness in a cane, as it continue.s to fall when the cane 
is overripe. The figures in No. 14.54 show extraordinary variations, and no 
reliable opinion can be formed from them as to the normal richne,ss of the 
juice. On the whole, it will be observed that the bulk analy-ses is not always 
a safe guide, and, after an examination of other cases, where petty and bulk 
analyses were available, it was finally determined to select, from the series of 
analyses of any seedling, that containing the highest reading of sucrose. In 
doing this, however, due regard has been jiaid to the jiercentage of glucosi' 
and the botanical de.scription made at crop time. Where the former was 
unusually high or a note was recorded in the latter that the canes were imma- 
ture or dried up and overripe, the analysis wa.s rejected. After all, the main 
purpose of these analyses is to obtain a comparative figure of a .seedling^s 
merit, and it i.s felt that this will be best obtained by some such method 
as that adopted. It may perhaps give a rather high figure for the general 
richness of jMice in the seedlings grown on the farm, but it is, again, thought 
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f-.luit this will be counterbalanced by the fact, illustrated below, (p. 155) that 
seedlings elsewliere have given better juice than on the farm itself. 

In comparing the values of the juice of different seedling.s, and in studying 
the correlatiojis mentioned in the next section, at first the Bi‘ix, .sucrose, gluco.se 
and co-elficieiit of purity were copied out and averaged. It was soon seen, 
liowevtn’, that tlie exces.sive labour involved would materially restrict the 
work, and also that, usually, it would be sufficient to consider only the sucrose 
and. glucose. Finally, even this was simplified and only the sncro.se was 
averaged, care being taken to .see that the glucose warning of immature caues 
was not neglected. 

CJompanson of sucrose in the juice in parents and seedlings, 19 1:1-1 1. 
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In the accompanying table, details are given of the amount of sucr(jse 
in the juice of the .seedlings of 1912-14 and of one lot oi ah eni in 1911-13. It 
will be seen that there are considerable variations in. the sucros(‘. content of 



s^tedlin^H f)!' tlie Simie parentage. Tims, the Cliiiian seedlings varied from 
and Naanal from 5% to 11%, and, generally speaking, the moia; 
analyses i-eeorded in any one lot, the wider tlie range of the snerost' in tin', 
inice. There is also a definite relation between parents and oifsprijig in this 
respc(d.. the better ])areiits producing the better seedlings. The analyses of 
the crosses are also interesting, in that they show that the sucrose in the 
seedlings approximates to the average of. the two parents. .In the other 
cases, of seedlings from parents not specially crossed, or “ general collections,” 
the average sucrose of the seedlings is generally lower than that of the jjarents, 
and this may be due to the fact, stated elsewhere, that it was not always pos- 
sible to analyse a seedling at its optimum. Note must also be taken of tlu' 
character of the land on the farm, for many varieties have given very ])oor 
re.sults there. Thus, in Cheni, a Mysore cane, while ten analyses at Bangalore 
gave an average sucrose percentage of J7'01, twelve on the farm gave only 
12T)7, a figure more comparable with that in the seedlings. Bo also, Shakar- 
chynia in Bihar gave 16-94-, whereas on the farm it only reached 12-9-1. There 
is also a veiy marked difference in the results obtained on the Cane-breeding 
Btation ani on the heavy tank irrigated land on the adjoining Coimbatore 
Central Farm. The local canes, Chitfan, Knnm, Kaludai Boothan and Poovdn 
also gave analyses a good deal lower in the seedlings than in the parents, but 
not sufficiently so as to suggest crosses with a wild Saccharum, of which, 
moreover, there was no trace in the morphological characters of the seedlings. 
In Sarefhu and Chin, there appears to be less difference between the juice 
anaylses collected from North India and those made at Coimbatore, suggesting 
tliat, for these canes at any rate, the conditions on the farm are fairly com- 
parable with those in North India. 

The prime object of the Cane-breeding Station is to raise new and 
hardy canes for North India, which will be capable of being grown in the 
fields under ryots’ treatment and, in order to judge how seedlings raised at 
Coimbatore would behave in various parts of North India, some nine of the 
earlier seedlings of various parentage were distributed to Pusa, Shahjehanpur 
and Jubbulpore. It is unfortunate that analys('s liave only been recorded at 
the latter place, but seedlings have also been grown on the Central Farm wet 
lands and on different soils in the station itself. The accom])anying table 
gives the sucrose and glucose in the juice of a set of seedlings grown outside 
the farm. From this table it will be seen that the seedlings respond readily 
to changes in soil and water, and there appears to be some probability that, 
in generah seedlings raised in the farm will, if anything, improve in the quality 
of their juice when grown elsewhere, 
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Corfqmrison of the Juice of Seedlings groimi under different conditions {idl hidh 
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STUDfES IN INDIAN ST7JAKCANE SEEDLtNDS 


Tliis varyilijr behaviour of Madras seedlings grouni in dilTeroni Inraiilii's 
raises the interesting question as to wliether there is anything iik(' it in ordinaiA-^'^^ 
cultivated canes. A good deal of attention .has been given <o tJiis (jiH'slion \ 
and a number of analyses of certain cane ^^an■e{ies have been collected from 
diiimMit jdaceB. It is liopetl that, in (imp, snfficimi dai,, will bn accuimilaind. 
(1) to be able to ioroca-st the probable, beliaviour of selected canes iind seed- 
lin}r.B when moved from one locality to another, and (2) to get a gcnieral idea 
of the suitability of different localities for sugar production in India. 

The question as to the permanence of tlic juice cliaractors of caiic aoed- 
ling.s, when propagated as sets, is one of coiiaide.i'ablo importance and lias 
been studied as far as data are availalde. Many of the 191 l-l,d seedlings were 
found to yield far better juice wlien planted in the second year from sets" Rut 
the seedlings had been jilanted in very large pits with 'good soil and their 
growth was m some cases very vigorous, and it i,, regarded as pos.sible that 
this may have had a prejudicial effect on their ripening. Besides this tlic 
great variations noted above in the richness of the juice i„ .seedlings, when 
panted under different conditions, renders it unsafe to form conclusions from 
isolated cases. There is also another matter, already referred to, wliieli may 
have an effect on the juice of seedlings when first analysed, namely the period 
of year at which they are cropped. Owing to tlie restricted arrinving season 
the seedlings mature from June onwards, whereas the proper time for ripening 
canes in tlua locality appears to be much earlier in. the year. J.astlv the 
weather also appears to have coirsiderable influence on the chaiaeter 'of the 
jmee. The seedlings during the present (1910) harvesting season show tliis 
markedly, and much trouble has been caused by unseasonable rains. Duriim 
the ripening season, usually a time of some anxiety as to whether any rain 
wil fall, we had this year as mi cli as 10 inches, and this appears to be roHeoted 
m the puce analyses, the cropping time being in general three months later 
than ... the previous year. The canes in the varietal plots appear to have 
been p.actieally ripe at the beginning of April but, after that, stimulated 
to renewed gi^wdh by the unusual rains, the sucrose percentage fell steadily 
and It was not untd the diy period in July^A,giu,st that there was a scn.sible 
e ove^. „ these conditions the richness of the juice shown by the replanUd 
91.-U seedlings suffered, and in many cases wa.s not so high as in the first 

oppmg season The yanat.ons in sucrose in the juice ate, shown in the ac- 
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lo7 

of (loiM indicating tJio falls of raiji. There is a remarkable descent in Ihe curve 
until the middle of June, after which rccoveiy is rapid. tSimiiar variations 
in sucrose content were met with in many of the, seedlings, as showji b}’ 
their petty and bulk analyses. 
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Jt is, thus, of obvious importance to get the seedliiigs as soon as possible 
into line with the local time of sowing and reaping, and to avoid these irregu- 
larities a.s far as may be. At present, after reaping them in June to August, 
they are planted in beds and will ripen about a year lateic But, in future, 
cuttings will if possible be taken from the young canes in February and these 
will be planted in the ordinary varietal plots, wliich have been hitherto, for one 
reason or another, planted late.each j^ear. According to this arrangement. tli.e 
seedlings collected, say, in December 1915, will be first analysed in June 1917, 
the second analysis being in February 1919. These dates 'thiaiw a side light 
011 the length of time required for a seedling to be tested, the 1919 analysis 
being by no means the latest one necessary before forming- an opinion as to 
Its value. An additional advantage of this February planting will be that 
sets will be available for distribution to North India at tlie usual planting 
time there. 

As in the case w-ith cane varieties, extraordinary variations have been met 
with in a seedling, in analysing the different canes in the clump. This has 
led to increased care in sampling. For petty analyses, the canes chosen are 
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as far as jjossible without any rooting or shooting, and are suck as would 
develope into healthy canes at crop time. Those which are aknonna] in any 
way are rejected, and the same precaution is taken at crop time, the idea 
being to try and obtain such results as would be given by a mass ol healthy, 
well-grown canes. But, besides this, attention has been paid during tliti 
past season to tlie fact, pointed out in the recently published Memoir on Punjub 
Canes, 1 that, in .some varieties, there are usually two kinds of cane in each 
rdurnp, differing not only in certain morphological characters, but also in the 
time of origin and therefore in age. In the paper referred to, there was no 
opportunity of testing the chemical character^ of the juice of these two 
classes of canes (termed “ early ” and “ late ”), but this has been observed 
during the current (1915) cropping season. The results of this study, carried 
out at iny request by Mr, T. S. Venkatarainau on some of tlie varieties growing 
ill the Cane-broeding Station, are detailed beloiv. It will be seen tlia,t they 
agree closely with those obtained in the Punjab case, in that this peculiarity 
(nf two classes of eanes being present at crop time) is confined to certain 
varieties of canes and is not appreciably present in others, suggesting a pro- 
found difference in the mode of formation of the branches, a subject which is 
receiving further attention. As detailed in the paper referred to, tli e early canes 
are cha.racterised by commencing with short, iiarroiv joints which gradually 
increase in length and thickness upwards, whereas the late canes commence 
with long joints of full thickness which are succeeded by others which become 
shorter and thinner upwards. This has been our main criterion, and another 
character of the early and late canes has also corne out strongly, in that tlie 
early canes have many joints while the late ones have few. Mr. Venkataraman 
has found that the cane varieties examined on the farm may be divided into 
the following two classes as regards the formation of early and late canes in 
each clump. 

(1), Varieties in which early and late canes can be separated easily. It 
would appear that in these varieties there is a continual production of canes, 
which may be divided into early, intermediate, and late. To this class belong 
Pansahi Chyiiia, Yuba, Maneria, Samicki, Kahn and the P((nsahi-lika 
Ketai'i, all of them belonging to the Pansahi group of Ganna canes of Kortli 
fiidia, A photograph of Kefan is appended in which the differences between 
early and late canes can be clearly seen (PI. XXIX). Taking the length 
of the lowest joints as the criterion, we find a. close relation betvvecn this 
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average number of joints developed, as will be seen from 


Average number of joints in early and late cane,' 
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i Milich the separation of early and late caijes is difficult 
varieties appear to form their canes ii]) to a. certain period 
BaroiikJui (Sabonr), Ekar and Kaghze hiav be taken as types, 
although it was not found easy to separate early and late canes in the 
ciunipj the attempt was made according to the length of the basal joinhs, with 
the following results, as regards the total number of joints in the canes. 

Baroiikha, number of joints in all the .samples analj’Hefl 

on SlsfcMay 32, 33, S2, 30. 

Kajilw, do 35, 36, 34, 34, 33, 33. 

Hkiir, do ; 35, 37, 37, 36, 39, 37. 

There is no separation here into few and, man, y jointed eaiies in the clump. 
The analysis of the juice in these canes is given in the table 


Atfempied .'ieparation into early and late canes. 


Dale 

of plantijig 


of analysis 


Kind 
! of 
I sample I 


17th May 1915 j Ryots’ j Not classed 
Early ? 
Late? 
Early ? 


DeacW 

Leaf,7' 


2 , 9 27 

2 1 1072 

2 ho-62 

I " 

Not classed : 15 : 9'46 

? ' ... I 2 I 12'01 

Intermediate ? I 2 1 12’39 

“ . ! 2 ! 11'66 

•15 


Q . 
72*5 
71'1 
71*4 
75’5 
75-9 
69'3 
77-4 
76*4 

75- 2 

76- 9 
82-0 
79-8 
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teic'! «t IJio differout classes as regards can.' jui.'c, ui.'.t witi. in 
the Icmmh group. Those varieties thus will present comparatively little 
clilUculty ui sauptluig, as /ar a.s regards class of cane, and it is prohahie that 
many of the thick canes resemble them in this eharacter. 

There is no doubt as to the great improvement in the clmractor of the .sued- 
mgs grown on the farm in each successive season. The acc,>mj,anjii,g tabl.' 
gives the general average of the sucrose content hi each lot of canc,s raised 
in 1D13-15, which may be compared with the table onp. 103 of the l')!2-l l 
resulte. From a perusal of the list of canes used as parenis (c/, s.'ction on 
tnumerationof Seedlings), it will be gathered that this improve, neut i,s mainly 
duo to the higher class of the latter. 


Average % of mcrose in the juice in the lOlS-lo smlUinif!. 


Variety 


Do. 

Do. 

Do. 

Do. 

Do. 


Karon Goii. Coll. 

Do. Selfed ... 

Ohittan Gen. Coll. 

Kaludai Boofchan Gen. CofC 
V elliu X Sacoh. Narenaa 
Ashy MaHritiu.? 

: Karun 

Striped Mauritius 
: Fiji C 
: Ohittan (J) 

Do. X M. 1,S54 
Do. X M. 1464 
Do. X M. 1428 
Poovan Gen. Coll. 

Do. Selfed (i) 

Java (Hobbal) Gen. Coll. 

B. 208 Selfed 

Do. Gen. Coll. 

Striped Mauritiiw (riebbal) Gen. Coii’ 
Do. (Central Farm) Gent Coll 
wi,-* li ... Selfed (1) 

White Mauritius Gen. Coll, 
r, Selfed ( >) 

Red Mauritius (’ ) 

Green Sport of Striped Mauritius "* 
g.®? oif Striped Mauritius 
Fiji B i 

Fiji 0 Selfed ... 

Fiji 0 Gon. Coll. (1) "! 

-^’*y]]MauritiH.s (Central Farm) Geii! 

do. Selfed.. 



Sucrose % iiv the juice | 

Number 

Range of varia 


of seed- 
lings 
analysed 

niiddle figure 
indicates the 
tnaximuni in 
the curve 

i Average 

59 

7 — 13--19 

1.8 3 

12 

8 - 12-18 

13 6 

74 

6 - 1 . 8-20 

14-3 

204 

7 - 16-21 

1 . 5*3 

95 

87 

6 - 12-17 

11 -.5 

9_1C_2.2 

15*9 

22 

11 - 17-20 

16'6 

42 

ll_17_.2o 

16*2 

72 

8 - 13—20 

1 . 5*0 

22 

bS 

7 - 12-16 

10*9 

9 - 11-16 

11*2 

20 

10 - 1 . 8 - 1,6 

12*6 

14 

12 - 15-20 

15*9 

1.88 

18 - 19-21 

17 -7 

.50 

12 - 18—20 

17*4 

.59 

11 - 18-23 

17*6 

} 127 

12 - 16-21 

16*5 

"hi 

12 - 17-20 

16*6 

.59 

1 , 8 - 17-22 

r 6-9 

14 

11 — ) 7— 19 

16*6 

'■'20 

1 . 8 - 16-20 

15*5 

"hi 

11 - 15-21 

16*2 

38 

12 - 17-20 

16*5 


Rkmahkk 


(1) These batches 
consisted of very 
few seedlings 
analysed and 
have been omit- 
ted. 


iri2 STUDIES IN INDIAN SUGARCANE SEEDLINGS 


Taking the whole series of selected seedlings during tlic ])ast three S{‘ason,s 
we see that the sucrose in the seedlings has steadily risen, as follows 
Sucrose in the juice of selected seedlings. 



Num- 
i ber of 
seed- 
lings 

Over 

>7% 

■■ ■ ! 

Over ! Over 
18% ' 19'^'o 

Over i Over 
20% 1 21% 

Over Over 
22% ;2:-j% 

UriMAllKS 


grown 



■ 



(Over 

48 ' 

2 




All the seedlings were 





i ■ ■ 


grown on. 

19I-2~U 




. I- 



(Over 17'’o) . 

.. 2.068 

95 

40 1 9 

2 1 ... 


The standard of selection, 



1 

; 

' 

17% sucrose in the juice 
and over. 


191S--15 







(Over 18%) . 

2,400 

400 

128 i 101 

22 1. 3 

j 

1 1 

The standard of selection, 
18% sucrose in the juice 
and over, together with 
vigorous growth. 




But it is a question whether the extremely high sucrose content attained 
is altogether in accordance with the ultimate aim of the Cane-breeding Station, 
Although high sucrose is an undoubted gain, the question as to whether the 
canes giving this will succeed in North Indian conditions is altogether another 
matter, and can only be determined after long series of experiments. On 
the face of it, it does not appear likely that rich canes of exotic parentage will 
be the best for North India, and it will, therefore, be even an adv^antage if the 
general level of sucrose oontent be lowered, if this implies the greater infusion 
of North Indian parentage. During the 1 9 M- 16 season every effort was made 
to obtain seedlings of this character. But, of the multitude of crosses attempt- 
ed, comparatively few have succeeded, owing to the sterility or ill-timed 
emergence of the North Indian arrows and, in their place, a large number of 
seedlings have been raised from Suretha, Chin, Pemsahi and other Indian parents, 
pure and simple. This will mean the lowering of the general average of sucrose 
in the juice during the next season, but the results arc, perhaps, more likely 
to be of ultimate value than when, as in the 1913-15 season, comjmratively 
few North Indian canes ajipeared among the list of parents. As stati^d else- 
where, the aim which is steadily held in view is to seciu'e crosses betweeji tlie 
best North Indian canes, such as Saretha, Ponsahi, Mungo, Chin, and riclier, 
thicker, tropical canes, and the aiTowing plots have been laid down with 
this object in view. 

There is no doubt that, but for the timol'y assistance of tlio (lovei-nmeiil 
Agricultural Chemist, in lending the service of two of liis ussista.nts during 
crop time, progress would have been comparatively slow. But, even ns it 
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is, tlio coin]>letioii of the scediing analyses in tlic limited jieriorl of ripening is 
an extremely diffieiilt matter, and many seedlings suiter from n(»t b<nng 
analysed at their optimum. An innovation lias been introducod in tin' ptdty 
aaiulyses during the 1915 cro])ping sea.son. which promises to quicken up the 
work in future. On going through any batch of seedlings for the lii'st 
time, it is considered sufficient, in the place of the full petty analysis, nierelv 
to take the Brix readijig of the juice, and at once to pass on toother seedlings 
if this does not reach a certa,in ligiire. This, it is claimed, will give a fair 
indication both of the ripening and of the relative value of the seedlings. 
Further, }‘elying on the theoiy of phytoniers, whereby eacli segment of a 
plant with its leaf or leaves is considered to be a more or less inde- 
pendent ])artd an attempt has been made with some success to get an early 
indication of the ultimate value of a seedling by analysing some of the lower, 
apparently mature joints. The limiting joint thus far chosen has been the 
highest in which the attaelied leaf has com])letely withered. It is a (piestion 
as to what further changes take place in the juice contained in such a joint, but 
the joints of the canes are very clearly separated from one another by their 
internal structure, and it is difficult to see liow the juice in them will 
undergo great changes after the supplying leaf has died. The results 
obtained are on the whole suggestive, and thei-e seems to be .some 
promise, on the adoption of the analysis of the cane up to the highest 
dead leaf, of obtaining early indications as to which seedlings are worth 
going on with. It the method proves to be fairly satisfactory, it will 
be possible to rule out in any batch a. large number of inferior seedlings 
and thus save much time in the final analysis, 

’ This must nob be taken too literally and is jicrhaps nvore of mor])hological 
than a physiological conception. That neighbouring joint.s in a rjrmviny cane are without 
influence on one, another is very unlikely, and this" lack of indopendonee has been .strongly 
brought out by J. Kuijpor in his pajH-r “ Is con hlad met un' iiitcrnodium hij hot riet als un 
physiologischc ocnheitl op te vatten ” ? Med. Pnefst, v. d. Jum-Suil'erind'mtrie. Deel V. No- 
lo, 1015. ' 





eORRELATIOMS BETWEEN MORPHOLOGICAL CHARACTER OF 
SEEDLINGS AND THE RICHNESS OF THEIR JUICE. 


riie correlations thus far studied at the Cane-breeding Station are bused 
chiefly on the characters of sugarcane seedlings of the 1912-14 period, and 
must be regarded as an introduction rather than as a piece of eomjdeted work. 
I he data were unsatisfactory in many minor points, and it is hoped that 
further work will follow as new series are subjected to the necessary tests. 
The 1912-14 seedlings were examined at crop time according to a prepared 
scheme and, although it was found necessary, during the examination, here 
mid there to alter certain of the particulars, thus destroying continuity in 
some characters, sufficient data were accumulated for averages to be struck, 
especially in the larger batches of seedlings. The heavy descriptive work was 
under the charge of my Botanical Assistant, Mr. T. S. Venkataraman. to whose 
energetic persistence I am greatly indebted. 

The correlations observed, although sometimes very distinct, do not 
exclude very considerable irregularity in each, series. This is not to be won- 
dered at when the conditions have been noted. The recorded results are at 
best approximations, as has been fully conceded in the sections on variations 
among the seedlings in morphological and other cha.racters. Tlie chemical 
analyses used, again, are the highest observed during petty and bulk tests ; 
they are probably, ui many cases, not a very accurate gauge of the compara- 
tive richness of the juice and will, to a certain extent, be influenced by the 
number of analyses taken of any particular seedling. Even then it was found 
advisable ultimately to concentrate attention only on the sucrose contained 
in the juice, merely noting the glucose in order to rule out obviously unripe 
specimens. The detailed botanical descriptions w-ere also largely consulted 
in order to eliminate those seedlings which were abnormal in their growtli and 
either immature or overripe. The raorphological characters w.we c-arefully 
observed, but the seedlings were of unequal growth at crop time, thm-o were 
a very large number to be dealt with and the time of the staff available wais 
strictly limited. Our knowledge of the parentage of the seedlings ^vas also 
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incomplete, and it is possible that some of the, irregularities noted nia,y he 
due to the pxesence of crosses in the general collections. 

The following is the list of seedlings examined 

(1) 1911-13, A .small lot of Oheni seedlings {about 18) which were very 
carefully studied, but were grown under somewhat abnormal conditioji.s, 

(2) 1912-14. About 500 Chitlan seedlings, over 300 Karun, DO Kaludat 
Bool.han and 13 Poovan, all general collections in the field, that is without any 
knowledge of possible local crossings : 50 selfed Sarefha .seedlings and GD 
cro.sses between Shahirchynia and SaccharKm f<po}i.laneum. 

(3) 1913-15. About 80 crosses between Vellai and SacHiannn Nareupa. 

These seedlings were studied with regard to the following po.ssihle correda,- 

tions. The leaf width at maturity was compared eltli tlie .suci’ose in tlus 
juice, with the thickness of the cane, the total weight of the scfalling aaid the 
number of canes and shoots, as indicating tillcihig power. Other characters 
compared with sucro.se were the length of leaf, the leaf module (lengtli divided 
by width), thickness of cane, length of cane and cane module (length divided 
by thickness), and colour of cane. In a number of these c!ompai:'i.son.s a distinct 
coia'elation lia.s been observable, but it is im|)ortaut to remember that thi.s 
doe,s not mean that a uniform series was obtained. Tlie greatest variations 
occurred in all the series, and it was only on taking them a.s a whole and dividing 
them into classes, that the tendency was definitely establi.she(l. Wliile, for 
instance, the general tendeiicy is for narrow leafed ,seedling.s in any series to 
have richer juice, this does not preclude the occasional occurrence of excellent 
.seedlings among the broader leafed clas,ses. It is possible that these irregm 
larities may be due to faults in analysis or in observation, as suggested above, 
but they may be intrinsic, and we. have at present no means of determining 
their cause. Naturally, the greatest reliance is placed on the larger .series 
{Ckittan and Karun) and it is not certain what is the lowest number of seedlings 
m which true coirelations may be expected. Probably this varies with the 
diffeient characters under consideration but, taking the whole series of obser- 
vations, it is considered that 40 or 50 .seedlings will usually be .sufficient, but 
that .smaller numbers than these are liable to errors, which, liONvever, can usually 
be detected on inspection by the occurrence of isolated abnormal .seedlings 
in their wrong place. This has been easily ob.servable in the small Poovan 
lot, where one seedling, with 20-40% sucrose in the juice, towered above the 
rest and, to a certain extent, dominated tire results according to its 3 )osition. 

In order to make the general method of calculation clear, it has boon 
thought advisable to give the details of one correlation studied, and I have 
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•seloc/ted, at mndoni. that between leaf widtli ajid snerose in K,mu< s-eedlinus. 
and [ have gone iiitcj thip in some detail in order to indicate som(‘ of tJio dihi- 
nilfies encountered in tlie work. Arranging the whole 322 luu'uyi seedling.^ 
in order of leaf width, it was found that they fell into 20 clas.ses differing from 
one another by one- tenth of an inch, and ranging in width hetweeii 1-5" and 
3>-G." The best sucrose reading obtained in petty or bulk analysis was ])]ace<l 
o])i)osite each seedling and averages were struck for eacli cla.-^s of commmi 
leaf width. The following was thus obtained - 


Leaf widUi and. sucroae in Kanin seedlingft. 


Leaf width 

No. of 
■HOodlingF 

Total siiero.se 
in the jnioe 

1 

1 Av. .sucro.se 
j per seedling' 

1 

1 

15*09 

I 15 69 

I'fi" 

3 

48 *78 

1 16*26 

1-7" 

3 

49 -go 

1 16*42 

LS" 

12 

182*39 

15--20 

1*9" 

9 

69*42 

15*2) 

2-()" 

20 

299*23 

14*96 

2-1" 

35 

532*15 

15*20 

2"2" 

37 

5 12 *>8 

14*66 

2'T 

41 

621*20 

15*15 

2‘4" 

34 

509*29 

14*98 

2'o" 

37 

537*29 

14*5*2 

2-6" 

28 

412*60 

14-74 

2‘7" 

*25 

379*37 

15*17 

2-8" 

11 

167*92 

15 27 

2-9" 

1*2 

171*45 

14 **29 

3-0" 

6 

91*82 

15*30 

31" 

4 

51*46 

12*86 

3-2" 

•2 

27*76 

13*58 

3-3" 

1 

12*36 

12*36 

3*6" 



1 

10*64 

10*64 


The figures in column 2 of the table present together a fairly normal 
frequejicy curve (c/. p. 142), and it may be noted that in column 4 the higher 
sucrose values are more or less collected in the upper half of the table. Eut 
the importance of these values in the general average is regulated by the number 

■ '5 ■ 
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<>])|j(>sitc to oacli in column 2, namoly, the mimbov of soiullings havino; that 
aucrose reading, and, in order to see tlie genera] tendency, it is maa'.ssiuy to 
contract tlio series of classes considerably. The whole hav(^ accordingly btam 
collected into four and two classes, and this has been done in two dihereut 
ways. 

(1) The list has been arranged in four (and two) equal classes, these 
clas.sos having the same number of seedlings in order of loaf width. The 
following classes are thus obtained :— 


Total 
auci’ose in 
tho juice 


Number of j Range of 
•seedlinn;.** leaf width 


Aveiage 

fincroN(5 


ClSHSOS 


l.‘220‘29 

1,2(11-78 

1,18601 

i,i8rv;w 


Four equal classes 
rejjards numbers) 


Two equal classes (as 
regards numbers) 


!,4'28*ii7 

!,;i7i'% 


(2) The list has been arranged in four (and two) classes, this time se])aT*at(‘d 
by equal differences in leaf width. The four classes obtaim'd in this way 
are of unequal size, the first and last being smalh^r, that is, liaving fewcu’ seed- 
lings in them than the second and third. The value of this classification will 
obviously depend on whether the end classes are. sufficiently large for fair 
averages to be obtained. . 


Total 
sucrose in 
the juice 


Number of ' Hange of 
.seedlinfi.s i leaf width 


Average 

Hiicro.se 


Claa.ses 


7:l-2'U 
3,041-71 
1 ,274 62 
102-22 


Four classes according 
to differences in leaf- 
width ... ... 


1- .r-2-;r' 3,47.1-6.') 14-98 

2- 6" -3-6" 1,325-38 14-73 


cliiHses 


ui ciiviauig rne lumm seedlings into equal classes according to num- 
bers, a fraction is introduced, and this becomes more inconvenient if it is 
I instead of as it would be if there were 321 seedlings instead of 322, and it 
has been usually found simpler, when the total number of seedlings is not 
divisible by four, to allotv the classes to overlap, this being done symmetrically. 
Thus, if tliere were 321 seedlings, each of the classes would be made, to overlap 
one, that ia, the last of the first class -would be repeated and taken as the first 
of the second class, and so on. There would thus bo three seedlings repeated 
and we should have four classes of 81 each. Similarly, when there are 322, 



•r “'i ‘bMand fourth would overkp and. whon 

thoro are 3..?, the second and thii-d only, in each case bringing the classes oac], 
to 81 seedlings This method does away with the fraction which introduces 
d Ihoultios m calculation and, in dealing with large numbers, has no advautaoe 
by using the method of OTOrlapping. in classes of equal numbers tliore will 
never be an excess of seedlings over the actuals of more than three. 

In the second method, that of dividing the list into classes with equal 
difterence.s m leaf width, on the other hand, the matter is not so simple. If 
overlapping is resorted to, it will not be of individuals but of dasseH and the 
number of seedlings will sometimes be cousiderably increased, according to 
the numbers in the repeated classes. The number of classes in the general 
list of Karmi seedlings is 20, but we cannot simply divide these into four 
classes of five each because they are not of equal leaf width differences. The 
extremes are l-,5” and 3-6", thus making 22 classes separated by one-tenth 
mch in leaf width, the two classes 3-4" and 3-5" having no representative, s. 
fn dividing these into four classes according to leaf width, two must overlap 
giving the four groups l-,5— 2-0', 2-0-2-5'', 2-6_S-l' and 3-1— 3-6". It is 
obvious that there are objections to this overlapping, but the method 
appears, on the whole, to work satisfactorily. The two classes which are 
repeated have, between them, 24 seedlings, and the number of .seedlings in 
the four classes is tlius 346 instead of the correct number 322. It all 
dejjends on whether the repeated classes are likely to alter the general results, 
and this i.s one reason for the inclusion of the division into two classes as well^ 
for then the class repeated, if there is one. will Kp. n /Ufforprrf ’ 



brnad loafed ])iantB. Taking the wlude series of ,s<'edliiigs and soloed ing tii<‘ 
fiv'p. best and five worst see41ings, we liave tlie following : 


The five Karun seedlings 
with highest sucrose .. 


The five /iTarJOiseedliiigs 
with loM’est sucrose ... 


No. of 

Loaf 

Siuiroso 

seedlings 

width 

% in 
inice 

907 

1*9" 

19 '85 

973 

2-1" 

19-28 

1.199 

2'3" 

19 '09 

1,098 

2-2" 

19-07 

1.0.33 

2-7" 

19-01 

1,278 

2*2" 

10-31 

9o2 i 

3-C" 

10'()4 

1,130 1 

1'9" 

10 -74 

998 1 

I'S" 

10-81 

1,039 

2*2" 

10-80 


o-i:i 

0-71 

o-so 

0- 93 

1- U) 
1 •;”>() 

•^■(10 

2- 17 


These figures are interesting in several respects and deserve eart'l’id c*on- 
sideration. The average leaf width of the, whole series of Karufi seedlings 
is 2-4" and, if wo exclude, in .selection, all seedlings with wider halves than 
this wo may lose a very good one, for instance. No. 1();33, On the other hand, 
the seedling with narrowest leaves in these ten has only 10-<Si% sucrose. The 
glucose in the low sucrosti class is much liiglicr than in the high suen'ose class, 
as might liave been oxjiected, but it is a question whetlie]- some of the 
former have not been hardly treated, in that they may have been unripe 

at crop time. Lastly, the. seedling whieli had the widest leaves in the 

whole ,522 seedlings, No. 9b2, and which had received marked attention 
throughout its growth because of tliis, was lowest of all but om' in 
sucrose, and all the seedlings with widths over 3-0" were very pool'. This 
IS an example of a fact not infrequently recurring in these studii's. 
namely, that a seedling which differs markedly from tlie rest is often of 
very poor cliaractcr as regards its juice. The extremes in any series, 

cue y sue 1 as are of umisually large dimensions are generally more or less 

worthless. 

As I have stated .above, the selection of thi,s correlation in the K,mi„ 
seedlings for detailed analysis was made pnrely at random, .and facta similar 
to those here noted may be met with in any of the larger aeries dealt with in 
the paper. It ,s hoped that diacrc])ancies such as those noted may be ruled 
out by more earefal selection, as regards growth and maturity, in the furlher 
sets of seedlings as they reach the stage when ohemieal analysis is possible 
but there is,» d.fgu.aiug the fact that itfegnlarities ,nre bound to oecn. ’ 
however much care is thus taken. 
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LEAl^’ WIDTH AND SUCJKOSE. 


OOREELATIO.V 1. 


TIio ooiTclations thus far investigated will now be dealt with in suoccssion, 
eonimencing witJi tiuit between leaf width and sucrose. It is a well reco<>-- 
nised fact that. wJiile innre or less profound dillerences in the tloral organs ar(^ 
touiid necessary for the classification of plants, it is to the minute difl’erfniccs 
ill tJie vegetative oi-gans that the plant breeder looks for indicatioiis of character. 
tSmall differences in the width of leaves, otherwise entirely similar, fall under 
the latter category. These are easily marked in any batch of seedlings and, 
from the fact that the broader leafed forms more nearly approach the thicker, 
richer, tropical canes, they have attracted attention from the very beginning. 
Between 1,100 and 1,200 seedlings have now been measured for leaf width at 
crop tune. In growing plants, as has been stated above, probably the best 
method of determining the average width of the leaves in any seedling is to 
observe tlie general appearance of the plant at a short distance, and then to 
measure what appears to be an average leaf carefully. This method is called 
eye measurement,” but, at maturity, it has not been found possible to apply 
It. The plants Iia ve grown too high for accurate j udgment and the leafy shoots 
are fretpiently battered by the weather. The following method has accord- 
ingly been adopted. Ten healthy shoots arc cut and laid out. In each of 
these the broadest leaf is selected and measured at its broadest part, and an 
average is then struck between the ten measurements obtained. The factor 
here dealt with, is therefore less the average leaf width than the maximum, 
the greatest leaf width of the seedling at crop time. The method of dividing 
the seedlings into classes lias been described in detail for the Kamn seriel 
and, in the table appended, summaries are recorded for all the hatches of 
seedlings measured. In this and the following correlations the classes are 
arranged 111 ascending order, commencing with narrowest, shortest, thinnest, 
etc., and passing regularly to the widest and so om CUtkm, Karim, Kaludui 
Boolhan, Sarelha ^ and Chem agree in showing a very distinct negative correla- 
tion between leaf: wnllh and sucrose ill the juice. In the small class of Pootv/a 

seedlings, this correlation i.s reversed, because of the errant position of the 
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single seedling, No. 1810, witK 20*40% sucrose. It niiglit be consul (ii’ed better 
to avoid tho inclusion of this series in the tables that folbnv, but. it Juis })eeu 
retained in order to help us in judging tlic lower limits of luimix'.rs wliJch can 
be safely employed, and the nature of the error 'met with in dealing with very 
small numbers. 

These are all general collections in which the fathci* is jiot definitely known. 
The Namial seedlings, also a general collectioiu do not fall into line, although 
some seventy in number. In fact, the correlatioir, although somewhat irre- 
gular, is distinctly positive. A tendency in the same direction is traceable in 
Vellai X SacGhamm Narenga and, to a less extent, in Shahirchgnm X Bac- 
charum s'pontaneum, all the members of which two serie.s are iindou})ted crosses. 
This fact tends to support the suggestion that the Nafttud scedlijigs of iyi2-l<l, 
purporting to a general collection, may be c.omprised, to a. cuu'taiu extent, 
of crosses, some of which show a strong rcsembluuce to Bacfhawm tiponfanctmi. 
It is also, however, worth noting that general s<‘ries, wiili th<‘ jjrobabic 
exception of the small Cheni class, are tliick eanes, Mher('as Naanal is an 
indigenous Indian one, tho only one besides Cheni belonging to this class in the 
seedlings measured. It is, namely, possible that the thicker tropical canes 
difier in these eorrelations from the Indian canes, lie that as it may, the 
dijffierence in behaviour between the general collections and the c?rosscs is 
interesting and will be met with in several othei* cases. It lias suggested itself 
that the deviation of the Naanal results, from those obtained for Kanm, 
Chittan and other general collections, might he caused by tlm inclusion of the 
six aberrant forms noted on page 134, as all of them had markedly low sucrose 
content and very narrow leaves. Figures have accoj'dingly been j)repared 
for the Namml seedlings in this and other tables in two ways, (irstly, by takirig 
ail the seedlings ‘And, secondly, by eliminating the six seedlings resembling 
SaccJianim H'pontaneum. The general results in the two sets t)f coJTclation 
uguies obtained are, however, more or less similar. 




STUDIES IN INDIAN SUOARCANK SKEDLlNflS 


LKNGTll Ob’’ LEAF AND BIK!K08E. 


Correlation 2, 

Tills correlation calls for little remark. 1’lie Ic-ngth of leal: was obtained 
in exactly the same manner as the leaf width, in fact the same siioots were, 
measured in the two cases. In all the classes examined, (‘xcejiting on<‘, tiicre 
is a distinct negative correlation between leaf length and sucros(' in Ihe juice. 
The exception is the cross between Velkn and Succharmn Namuja, again a 
scries of crossed seedlings. The absence of divisions into four classes in the 
smaller series is due to great irregularities in these, the full lists of soodlings 
arranged according to length of leaf, not falling readily into normal frequency 
curves as they did in the leaf width series. 



LENGTH OF LEAF AND SUCEOSE. 
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StUDlES IE JEEUN SUGAKOAEE SEEDLIEG.S 


l,EAK MODUJ.E AND .SUCJlOlriK. 

CoKRjCLATION i\. 

The leaf module, as explained in the aeei-ion on Variation in i\Iori)hologieul 
Characters, is the average extreme leaf length divided by tlm a^'erage extreme 
leaf width, a factor noted in a lu'evious paper* as of sonn' value in distinguish- 
ing North Indian canes. In the general collectign series there is a distinc "posi- 
tive correlation between leaf module and sucrose. The series is liowev/'i- marred 
by the Karun seedlings, where the curve is irregulaj-, owing to the high sucj-ose 
content in two classes early in the list, and there is thus only u"tontloney 
towards a positive correlation. The crosses again agree in difl’ering from the 
rest, which is not surprising, in that the present correlation is a combination 
of the two previous ones. Natmal also shows a distinctly negativ('. tviidency. 

' Barber, C, A. Jiew. Dept. Aijri. Indio, Dot. Her. vol. Vli. no. 1, ]». Ip 
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STUDIES IN INDIAN SUGAIICANI<: SEUDiANOS. 


THICKNESS OF CANE ANE> SUCROSE. 

Correlation 4. 

luetliod of measuring tlio tliiekucss of t]i(; cane Ims umh'i'gonc; a 
good many cliaiiges before a satisfactory ojie Jias been bit u])oii. At. lir.st ten 
or more canes were laid out and measured at tlie buBc, at the middle and at 
the liighest mature joint (judged by hardness of rind). i\l('a,sur('nients \v(‘r(> 
also taken in two directions, namely, in the plane of tin'- buds a,nd at light angles 
to it. The latter, however, was soon discanled as, in reality, niereJy a. measiuHi 
of the ovalness in section, inherent in all sugarcanes. lint these measure-' 
ments even then were altogether too cumbrous in any large series and, after 
some changes, the following plan was adopted. All the canes of a seedling 
at crop time were laid out on a table and an average one was seled ed by ey(>, 
measurement. This was then measured by calipers at tin’ middle in the jdanc 
at right angles to the line of buds. The correlation is thus betu'cen the 
thickness of an average cane at middle and sucrose in the juice. The results 
are conflicting, and possibly no true correlation exists. But, in the general 
seiics, there is a somewhat marked negative tendency in most casos^ The 
crosses, on the other hand, and Naamd, show the ojiposite tendency, namely, 
to a positive correlation. This may be in accordance with the fac-t that the 
thick stemmed pareiit is vastly richer in sucrose than the wild form with 
which it has been crossed. On the whole, beyond these tembmeies, no 
definite correlation can be said to have been established between cane 
thickness and sucrose. 
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STTTDIES IN INDIAN KCKJARCANE vSEEDLINGS 



LENGTH OF CANE AND SUCROSE 
Correlation 5. 

The length of the cane was usually determined hy taking ten or more 
canes out of the cut crop, measuring them aceurat(‘-ly and strilcing a n average 
of the ten. The canes wore not measured until all the leaves had been stia’pped 
off, so that the total length above ground wa.s easily obtained. The correln.- 
tion is therefore between the average length of cane above ground (or height 
of cane) and sucrose. On the whole there seems to bo a genera,! tendency for 
the taller canes to have more .sucrose. The matter is not, however, very con- 
vincing, -in the absence of a marked correlation, because it is probable that 
ill grown seedlings, which would be of poor stature, would naturally give poor 
juice. This was certainly the case with theC%ni,?‘ seedlings of 19U-13, all of 
which were analy.sed at crop time irrespective of extremely poor growth in 
some of them. The differences in sucrose are not very great between the 
extreme classes in the table. There is, however, one feature which deserves 
att^ention. In many cases (e.specially the larger series of Chilian and Karun 
seedlings), while the first three classes show a distinct rise in sucrose with 
increasing length, there is a fall in the fourth clas.s of longest, canes. This 
occurs in at Iea.st one of the classifications of each set of seedlings, where four 
classes have been possible, that is in all the sets excepting the small lots of 
Ch^.m and Poomm. It may therefore be postulated that the very tall canes, 
' as a class, are distinguished by having less sucro.se than those of moderate 
height, and, if we rule out this fourth class, there is a distinct positive correla- 
tion between length of cane and sucrose. 


LENGTH OF CANE AND SUCROSE. 




CANE MODULE AND SITCROF^IA 


Correlation 0. 


Tho module of the stem, a« in the leaf, is tlie length divided hy tlic tliicdc- 
noss, but the resultant is one of averages and not of extremes as in the. h'a,!' 
measurements. There is a distinct positive correlation between cane module 
and suci-ose in the larger series, Chilian and Karnn, which is all the more t.o 
be noted when we remember the irregularities in the two ])reeeding tables. 
The others of the general series fall more or less into line, exeej)ting Chrni, 
whose length measurements have, however, been already stated, to be untrust- 
worthy (p. 180). It is noteworthy that the Vi'Uai cross disagre('s with its allies 
on other occasions, Naanal and the S/iakarrhi/nia <‘ross. and sliows a, distinctly 
])Ositive correlation. On the other hand, the two hitter agree I'lnmirkably, 
in each case with a maximum in the secojid class followed by a (h'clim*. in the 
third and fourth, a feature of perhaps no inpiortance and merely a coincidenci*. 
but worthy of note in passing. 

The measurements of leaf and stem have now been fairly fully studied 
in their relation to the quantity of sucrose in the juiec. Prom this study it 
would ap]iear that the seedlings, in any general collection, with higher sncrost' 
content, would he marked out by rather narrow, short leaves, })ut with a rela- 
tively high leaf module, with canes- which might be thick or tliin but with a 
leaning towards the thin side, rather long but not very, and with a, moderately 
high cans module. Where the seedlings are the result of a definite cross 
between two cl.i:fferent species of Sacchanim., tliese rules do not hold, good- In 
fact, we should, according to the tables, look in these cros.se i for higher suci'osc 
in thicker canes with broader leaves, but the results with t.he othei’ factors are 
not clear and are contradictory among themselves, and we need more cases 
before any definite conclusions can be arrived, at. It is ])robal)le that the 
tendencies will depend on the peculiarities of the parents in each se])ara.t(' 
case. The Naanal seedlings are an enigma, generally behaving as if they were 
the result of a cross, and it may be that, in these correlation studies, we may 
find a means of detecting whether any batch, of seedlings is a general collection 
largely selfed or a set of crossed seedlings. 

The leaf width being very easily measured, and having given good iT'suIts 
thus far, it has been thought worth while to compare it with, certain otlu'r 
characters, namely, thickness of stem, total weight of seedling at croji time and 
tillering power, the latter two bearing independently on the vigour of tfie cane. 


STUDIES IN INDIAN SUOARCANE SEEDLINGS 


CANE MODULE AN D SUCROSE. 

Equal classes as to numbers of seedlings |classes op equal differences i7 
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STUDIES IN INDIAN SUC4ARCANE vSHEDlilNUS 


LEAF WIDTH AND THTCKNES>S OF CANI 


Correlation 7. 

It is natural to assume that thick canes will have broad leaves, but the 
results of our studies have not always turned out as we ex])ected them to, as 
in the case of leaf width and sucrose, where it was at fii’st thought that the 
wider leafed forms, resembling the thicker canes of the tro}>ics would hav(^ 
better juice. It is true that, the thicker the stem, the widei tliebase for leaf 
attachment ; but we have noted in our study of the Punjab canes^ that near 
relatives vary as to the extent to which the base of the leaf ensheathos tlie 
stem, and also that the relative wndth of lamina and leaf sheath varies a good 
deal at the point of junction. No help can be got from the jirevious tables 
where both the leaf width and stem thickness give {)r tend to giv(i negative 
correlation with richness of juice. It was thought worth wliilo, accordingly, 
to test the matter', and the results arc given in the accompairying table. From 
its study we see that there is a very definite positive correlation betiveen 
leaf width and thickness of cane. This is seen in all the seedlings of the genei'al 
collection and in the Vellai cross. But in the otlier cross there is merely a 
tendency to a positive correlation an.d the differences iii tliiekuess in t.he 
classes of leaf width is remarkably small. In the Naaual seedlings, on the other 
hand, there is no trace of correlation either way, the wliole of the classes vary- 
ing slightly in an irregular manner, anotlier case in wliich tlu^st^ puzzling 
seedlings are at variance with the other general collections. Tlu^ Poova-n 
seedlings are too few for any distinct correlation to lie discernible. 




STUDIES IN INDIAN SUGARCANE SEEDLINGS 


LEAF WIDTH AND TOTAL WEIGHT OF SEEDLING. 


Correlation 8. 


The total weight ol the seedling, one of the factors by which the vigour 
of growth may be judged, is taken only of those pai-ts wliich arc above ground, 
--all the canes aiul shoots at crop time. To get this figure requires a (iortain 
amount of management. In petty analyses canes are cut and they and their 
leaves are lost, wliile at harvest certain of the canes are not infre<ju(mtly dried 
up or injured, introducing elements of doubt. Allowances have l)o<ui made 
with regard to these facts. Even after this has been done, one would be 
prepared for the absence of definite results. But a study of the table will show 
that these doubts arc unfounded, and there seems to be a very definite 
positive correlation between the width of the leaf and the total weight at 
harvest. This is perhaps what would have been expected, but it must be 
remembered that the narrow leafed North Indian canes liave vastly greater 
tillering powder than the thicker tropical ones, and consequently many 
more canes in the clump. We shall see how this factor comes out in 
the next table. In Naanal and the Shakarchynia cross theie is a rather 
curious deviation, in that the first and last classes are the heaviest and the 
two middle ones considerably lighter, a fact which would not have been 
considered worthy of note, but for the unexpected agreement in tire two sets 
of figures. The Vellai cross agrees with the general collection series 
and the positive correlation is very distinct. 
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STUDIES IN INDlAi? SUUAKOANE SEEDLlNTiS 


LEAF WIDTH AND TILLEEJNG, 

Correlation 9. 

Tillcritig was judgod by tho total luiinhor of oaiic-s and shoots at f.rop 
tinici. f3oth aro oiitorod in tho table, allowamu^ being Jinuh^ as befoK^ for 
tlioso i‘(iinovcd during petty analyses, Tlnwe, is a geiiei'al tendency, uiarknal 
in the larger classes, towards a negative correlation boiween leaf widtii and 
tillering. But there is a remarkable execjdiou in the (uise of the t^arri/ui 
series, where there is a, just as strongly marked, positive (‘.oi j elation. 'Fliis is 
unexplained, but it is worth while remembering that this series is j)ra(‘tica]ly 
the only one of indigenous North Indian canes, and furthoi studies may show a 
ditforeuce between them aiid the tropical ones in this respect. It must also 
be remembered that it was possible to divide up the Hard'ha seedlings into 
habit classes (]). J.33) and, on examination, it will be seen that tins class with 
biggest seedlings had much the greatest weight and also greatest leaf widtli. 
It is possible that the.se habit classes, heie so easily seen, dominate, and that 
they are absent in the thicker canes. The general rosidt is, howevey, what 
Ave might oxpcct on contrasting the tillering of tropical and, North Lidian 
canes, but the differences are much smaller than in that case. In the above, 
remarks I have ignored the .small Poovai, class,-’ for an examination of tho 
tillering hgiires in the series show.s the greatest fluctuations and tho. total 
number of seedlings is very small. 



LEAF WIDTH AND TILLERING. 
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COLOUR OR CANE AND 8U0R08E. 


Correlation 10. 


The study of vaiious other possible conclations has beeii coimucuced, but 
the jiunibers of batches of seedlings tested are not as yet sufficient for dclinite 
results to have been obtained. The measiircni.onts thus far referred to have this 
ailvantage, that there is no doubt or difficulty in preparing the lists of variation. 
It is otherwise with less definite characters. The universal presence or total 
absence of any feature is rare in any batch of cane seedlings, almost all grada- 
tions being observable. Thus, with ivory markitigs on the stem, the seedlings 
vary from those with abundant markings, through all stages, to those without 
any at all, and it is extremely difficult to grade them into any series. Colour 
has, as already stated, special difficulties, but it lias been cai'ofuUy observed, 
because of the interesting fact that a striped parent has few or no striped seed- 
lings. The analysis given below follows the classification laid down in the 
section of Variation in Colour of the canes (p. 145), namely, (1) Greens without 
any trace of red or vinous tinge, (2) Greens with vinous or brownish tinge, 
(3) Purples, Reds and Clarets, (4) Striped canes. A table is appended with the 
comparative sucrose content in the juice for all these eoiours in a number of 
batches of seedlings, and certain facts seem to hold geneudly, altliough the 
OhitluHH, with striped parentage, do not agree with the rest. From the table 
it appears that the greens usually have the lowc.st sucrose, the greens with 
brownish tinge the highest, clo.sely followed by tiiose witli vinous tinge. 

In Karun (337) greens are lowest but equal vinous, purple and red, and 
claret and brown are distinctly highest. 

In 8aretha {soiled 50) green is distinctly lowest, then rod, then vinous and 
brown tinged, which are highest. 

In Naanal (84) greer. is distinctly lorvest and* brown and vinous equal 
and highest. 

In Poomn (only 14) green is distinctly lowest, then vinous equals purple 
and red and brown are much the highest, but the numbers are too small. 

In Kaludai Boothan (56) green is slightly lower than brown and viiious, 
which are equal. 

Ill Chitlan red h slightly highest, claret slightly lowest, groeii, brown, 
vinous and pur, do hoiug practically cciual (486 seedlings, with striped parent). 

In Cheni (25) greens absorb 80% of the whole, and comparisons arc not 
well possible. 
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CMUIELATXON BETWEEN COLOUB OF CANE AND SUCEOSE. 
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CONC.LUDING SUMMA.tlY. 


_ III the course of the present paper, a large niiiiiber of matters of minor 
...to™,* l,a™ boo,. i,.te,duocdmtl.oc„ur,ooft].o narrative, and .-ortain 
•umehisious liave been arrived at with n^gard to tliein. For the beiielit oJ' tJiose 
wJio_ have not the opportunity of reading the somewhat long pajier tliroiurh. 
the lollownig summary of these conclusions is appended' .For details re-ard- 
uig the mam issues, the paper itself must be consulted, as it has lieeu JVnmd 
.mpossiblo *,. proparo a snmmary of many of those, beoanao of tlio great 
amou.it of detai luTOlved. WI.erover possible, this detail lias boon presented 
u the foiiu ot I, sides, and the paper i.s copiously illnstratcd to render the 
descriptions clearer. 

The first piooo of successful work accom, dished in the newly founded 
Cane-bieedmg fetation was the production of seedling canes in India. This 
appears to have been repeatedly attempted. a..d the reason for previous lack 

laovei.ng of the sugarcane ,« ra.'e thero, and. wl.en it occurs, there is, generally 
ste,,hty m the male orga.rs. Flowering, furti.ermme, occurs b, 'the cold 

he u arcane decreases steadily in India as we jnoceod north and west, umdl 
“"■“'I'.'’- The distribution of wild siigarca.ies is discussed. 
h,m,h,n,m oceurs and flowens everywhere: Saoch.mn,, 

•d 1 ^ 1, i r" nil 

s mi ; af 1 i 

hr it 'd r r ’ "iniears to o.vtend Its 

rfi Cl „ h;" ’“T ‘'"i "™"- 

« » over Iroc yon the Caiie-breedii.g fetation and crosses have been 



^ Male sterility is judged by closed antliors. for, wJieu those ate open, tlio 
^ pcdlon is well foiiiied, while it is only immature and tilled with sfcarcli \\’]icn 
the anthers are closed. The percentage of open antluirsis determiiied under 
the lens in all the arrows dealt with, this being siin])ler than the lorniet nietluiil 
of testing male fertility, by, iodine, for the prosoiieo of starch. 

.Flowering at Coimbatore occurs from October to Docomber, althoiigli 
later cases are often met Avith. , A study of the best method to iiidiuie flowering 
has resulted in the discovery that it depends chiefly on the time of jrlanting. 
The best planting time for obtaining arrows is about November, but extends 
ill some cases to as late as March-April. As the former is not the best time 
for cane planting on the station, “ arrowing plots ” have been instituted, 
planted in November, and these have been attended Avith marked success. 
Certain years, however, appear to be better for arr-owing than otliers. For 
protection against foreign pollen the ariws are covered l)y fine muslin liags 
outside bamboo or iron cages, mucli as is tlone in Java Avork. Caging must 
be done before emergence of the inflorescense from its sheath, as some floAvej*s 
have been seen to open their anthers before protrusion. Wlion the analysis 
shoAvs feAv open anthers, cross pollination can be attempted but, Avlicn many 
anthers are open, it is probable that most of the fioAvers are self fertilized, 
and crossing has not proved successful. It seems that there is some ground 
for assuming prepotency of the pollen in earn; fJoAvers, although this has not 
been definitely settled. The season of floweiiug at Coimbatore is in th.e lieait 
of the north-east monsoon, a period of much rain, and strong winds, anti this 
adds to the difficulties, as the slightest permanent bend in the delicate flower- 
ing stalk seems to render the oAuiles infertile. 

The sources from Avhich cane arrows have boon obtained ai'o various. 
They are abundant in the ryots’ fields locally, have been obtained from Banga- 
lore, where floAvciing is excellent and also from Taliparamba on the west 
coast and Samalkota on the cast. By various means, an increasing number 
of canes have been induced to flon^er on the station itself. A auua' larcm 
number of North Indian canes have now been collected tliore, and niany of 
these have been made to floAver, some lor the first time. The farm is thus 
gradually })ecoming independent, and this adds a great deal to the ofliciouev 
of control as to parentage. Po.Uen is now being sent from a distauco bv i)()si 
by the use of small gelatine capsules, and ajipoarsto retain its vitaiitv Jomre.r 
than expected. Sugarcane seed has also been tested and has jjrovuarto kitn 
u[ood for a number of months. 

The treatment of the collected arrows is now stereotyped. aiui 

chopped-up and spread over an intimate mixture of finely ijowdm'cc! ^hors(i 
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ina,nur(^ (clearetl of its wood seeds by germination) and river sa,nd. T'iiis is 
placed in shallow pans, and watered, frequently through the ros<^ of a wateiiug 
can and kejit in the full sun. The seedlings begin to appear on tlie fourth 
day, but have been known to germinate only after a full month. They ar<i 
]n'ickod out if growing donsch'- but, otherwise, are loft in the pans for about 
three m.onths, when they are separately potted out into a mixture of sand, 
red earth, leaf mould and loam. At six months, they are planted in pits, 
arranged in lOJVlO squares for convenience of study. At first, these pits 
were very large but, owing to the extremely luxuj-iant growth of the seedliirgs, 
coupled with the suspicion that this lowered their sucrose content, the pits 
have been gradually reduced irr size and the general treatnrent of the seedliirgs 
made less generous. On the other hand, it has been found difficult to grow 
the seedlings in the second year from cuttings, as the land on the farm is not 
yet fully fitted for siigaroane cultivation ; and the trenches in which they are 
planted have been gradually made deeper and the land better treated. The 
land on the farm is slightly saline, from having been irrigated for thirty years 
by brackish water, and is only gradually being got into order. Advantage 
has been taken of this to test varieties of sugarcane and seedling canes 
for capacity to resist salinity and a “ saline ” plot is put down each year. The 
usual treatment in the farm of this saline land is to give a heavy dressing of 
tank silt, followed by a crop of aholcmi {Andropogon sorghum) or ragi {Ehusme 
coracana) and, lastly, a green mannring crop of field bean {DoUchos lablexh) 
which has been found to grow excellently in the slightly saline soil. Prac- 
tically the whole of the sugarcane land on the farm has now been treated in 
this manner, and the improvement in tlie growth of the canes is very marked. 
StiU, soil difficulties have not been the least experienced on the new farm. 
The early and late canes of the clump, referred to in the Memoir on Punjab 
Canes, have been studied in a number of varieties with the idea of reducing 
errors- in sampling, and a series of analyses of young canes “ up to dead leaf ” 
(«.6., the lower part of the cane where all the leaves have died) have been 
made wdtb the object of early separating the lYiore valuable seedlings 
from the worthless ones. 

It takes 18 months for the seedlings to mature. Owing to the restricted 
})eriod of flowering and of obtaining seed, this luhigs them to harvest in Junc— 
a time which is at variance with the proper reaping and planting season on 
the farm laml. The seedlings selected on their chemical analysis are cut up 
and planted out but they iiave again to be cut up and planted when six montlis 
old to bring them into lino with the local custom, which is to plant in January 
to March. This is also the ]3roper time for distributing selected seedlings 
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to otlon* fanus. It thus takes three years before a seetiliug ('iin Ixi (list rihuted. 
hut it is advisable to test it for two or thr<;c years more l)efori^ doing so. Tlu^ 
eaiie se<xUiugs should thus be allowed to grow on ilui farm for ai. least, live 
rears, Ixdon^ they are ready for distribution and testing in sjxxdal l(X‘aliti<<s. 

The vitality of the seedlings of dilferont ])arentage has b(x>n found t.o vary 
a good d(ia{. In some eases, such as “ Java ” from Bangalore, the fertility 
of the arrows ap])(‘,ai‘s to be very great, ])ut the seedlings are so delicate tliat 
they die in thousands when very young, and eomparativ(dy few can be grown 
to matin ity. In others, such as Poavan (Coimbatore) and Fiji C. tlndr later 
growth is Avoak, and the plots at croji time ar(A mostly bare. Othei* vaihdies, 
such as Stnrfha (Meerut and Aligarh), producxi })crlo(d-.ly healthy scuidlings 
and practically any number can be raised. The sciulliiigs obtained l)y crossing 
cultivated canes Avith wild grasses {Shakarch/piia, (J/iin, fHarel/ni by hV/cc/n/rx/a 
.'<ponf<nif‘tnn and YelJai by Succliannn Nnmif/a) are cliaracterized by exixissive 
A'igoiir. Their sucrose content is, of course, Ioav, being halfAvay between tliat. 
of the parents. They floAA^ev freely but, in most eases, tile aiitbe.rs aix' 
persistently closed. By crossing the best of them (Avith Bh'10% sucrose in 
the juice) with thick canes it is hoped that tlie Avay may be opened foi- 
producing new good canes, presumably of very hai'dy nature, with wild blood 
in their A^eius. Tliis will depend, hoAveA^er, on the fertility of their female 
organs, there being some fear that the flowers may be altogetlun- sterile in 
these hybrids. 

An enumeration of the various seedlings obtained each year is given in 
tables, togethoi with notes as to anthesis, parentage and ultimate fate. There 
has been a good deal of variation in the parentage each year, oAving t o the ])arti- 
cular f;anes floAvering. The ideal constantly aimed at is to obtain crosses 
lietwecui the various North Indian canes and thicker, better, tropical ones, with 
the ohject of producing varieties capable of being grown in North India under 
ryots’ conditions. Success in this respect is dejiendent on sinndtaneons 
floAvoihig of the desired parents and thus far, there liave been very feAV cases 
of this. The current (1915) flowering season, however, ])romises very well as 
a large nnmbei' of indigenous canes and introduced tropical ones are floAvering 
together on the farm. Most of the former liave infertile st;amens which i.s a 
fnithor augury of nltimate success. 

' The sucrose content of the seedlings has steadily increased dniing tke 
past tlu'ee yeais, as can be seen from the table on p. 1C2. During t.iie current 
harA'esting season, the suciose in many seedlings lias been veiy bigh, and 
about 250 Avhich have produced over 18% of sucrose, having been selected 





1(11' gi-mviug ,m. Tim liiglmst figure was in a seedling raised fr„m B ‘>il,s wliieli 
recordod 2:Vf% sucrose in the. juice. Owing to the heavy a,n.l, ti..a! work 
and nuiisual rams durmjrtheTipiMiiiijr season, liarvestinghas. however, ext-.cmdod 
.iver a very long period, and many seedlings Iiave liecn analysed wlien their 
optimnm had passed. This has caused us to judge the sucrose, in a soedli,,., 
less ,y Its analysis at harvest (bulk analysis) than by the highest reeorrhvr 
whether m petty or bulk analyses. This method will give a slightly lusher 
senes of figures than if the hulk analyses were adhered to, but tlmre is rclson 
to believe that the seedlings grown on the farm are handicapped, and that 
mauy of them would give higher results if planted on old sngareano land 
This m cleariy mdieated m a table showing the sucrose content of some Madras 
se«ll,„gs which were grown in a number of different localities and under 
different conditions ol water and soil (p. loff). 

The variations in the morphological characters of the seedlings have been 
oarefuUy noted, with the object of correlating them with lichness of juice 
General habit appears to bo of the greatest use in classific-ation of seed ing ' 
as It has proved to be with varieties of cultivated cane. But there are speehii 
diftonltie., m observing it i„ y„„„g «,„,dliugs before planting out. Much 
attention has been paid to erect, 'ess, as many of the North India,, 
develop a prostrate or creeping habit. This objectionable character has been 

veart.d are propagated by cuttings in the second 

yeai, but they vary much m subsequent recovery during their later growth 
Ii, some, they remain permanently lew and spreading, while in others there 
IS little trace of obliquene,ss at crop tune. The wliole of the varieties of Indian 
canes collected on the larni have been studied as regards this habit which 
appears to be hereditary, ,a„d it has been found to be much more prevalent 
m indigenous Indian canes than in introduced ones. Two cases are oiven 
where a seedling has been followed from the germination of the cutting to the 
ficiwormg stage, and the curve of growth is illu.strated by a series of 
jiliotograpliR of tlie successive stages of obliqueness. (PI. XXII.) 

Tillering, colour and striping of the loaves, width of leaves and canes ete 
are likewise dealt with and variations noted in seedling., of common parontuoo’ 

I ho possible pi.c,sonce of " rogues,” such as are found in other cultivated crops' 
is 't'teussed, and especially such as have been lately described bv Ba 
and J ellew m culinary peas. Some of the exceptional seedlings i„ general 
(ollec urns and crosses liave been sclfed and, instead of splitting up 
pareidal characters, they appear to produce only rogues, a fact which has 
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morpliologioal characters, striping of the cano has received some ai'-tenlioiu 
and it is sliowu that the seedlings of stiiped canes are rarely striped, hut s.hov 
a large range of single colours. Stri])ing is, indeed, extremely rare in seed- 
lings, and when present it is connected with striping of sonut of the earlier 
leaves. It appears to arise from one-coloured canes in the form of s])orts, 
and several instances of this, which have been observed, are recorded. Tlie 
well-known splitting up of striped caues when planted out into canes of the 
component colours is illustrated by the mention of several varieties whore 
this habitually occurs. Of the two colours corajiosing the striping, green is 
far the commoner in such one-coloured sports. 

In conclusion, an attempt is made at correlating some of tln^ mor])lu)lo- 
gical characters of the seedlings with richness in the juice, dealing in (^acli case 
with seedlings of common parentage. It is specially iiujiortaut that such 
correlations should be detected early in the life of the seedling, so as to avoid 
rearing useless plants, but there are special difficidties in tlie way, and the 
principle has been adopted of trying first to find such correlations in mature 
canes at crop time, and later, to attempt to correlate infant and matur<! 
characters. The first step alone has been tried at juesent and the following 
correlatious have been studied between mature characteis and sncr<jse in the 
juice, the results being given in the summary talile ap])<mded correlation 
between the amount of sucrose in the juice and various leaf and can(^ measure- 
ments (width, lengtli and module, or length divided by widtli) and colour t)f 
cane, and correlatious between leaf width and thickness of cane, tillering 
power and total weight of seedling. In the studies on the colour of cane, 
the interesting fact has come to light that, in coloured and striped ca.nes used 
as parents, approximately half of the seedlings ai'e green. This aj)poars to be 
true of the coloured parents in 1912-14-, although there may be a larger 
proportion where the parent itself is green. 


Coimbatore, 
December ‘drd, 1915. 
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POLLINATION AND CROSS-PBRTILIZATION 
IN THE JUAR PLANT, (ANDROPOGON 
SORGHUM, SROT.) 


R. J. DOUGLAS GRAHAM, M.A.. B.So;,/ , 

Econmnie BoUmist, Cetdral Prminees. 

[Eo™veaforp„bIicationonao2!rtOotoW,l!)lJ.] ' ■ . 

Inteoduction. 

The work of classifying tke varieties of jmr grown in the Central 
ftovnces and Berar has been in progress during the past six years. It " 

It wl, ri? cross-pollination was observed. 

Hflls’ e!l ‘“kes place 

n this crop as not only would its occurrence account for the origin of many 

0 ' the vaneties, but would also militate against the successful introduction of 

Xr “ ™s the 

1 /rr ““ ‘ Central Provinces and Berar sent 

m to the Central Provinces and Berar Exhibition of 1908 . 

The usual method of single plant culture was employed in order to study 
he characters of the plant as a preliminary to the work of classification. 
In the first year of cultures, evidence of natural cross-pollination was 
discovered. Up to the present nothing has been published in India 
regarding the pollination of this crop. It is proposed in the following note 
to give an account of the process as observed on the Nagpur Farm. 

The Inploeescence, 

The inflorescence in AndrofogonBrngUm consists of a loose or congested 
erect or recurved (goose-necked) panicle. On the branches of the panicle the 
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spikelets are arranged in pairs, a sessile hermaphrodite spikeiet and a pedicelled 
neuter. At the apex of the branches there are three spikelets, a sessile 
hermaphrodite spikeiet accompanied by two pedicelled neuters. These neuters 
represent reduced male flow^eis and it is the custom to describe them as male 
spikelets. In rare cases the male flowers arc functional (Fig. 1), but for the 
purpose of this note they are described with regard to their usual condition 
and in accordance with the description in the “ Flora of British India.’^i 


The flowers under observation opened in a fairly regular order. The 
terminal hermaphrodite spikeiet of the branch opened first and w’^as followed 
by succeeding flowers on the branch until 3 or -1 had opened. At the same time 
the flowers on the adjacent and next lower branches were opening in the same 
order, so that we thus have the flowers near the end of the upper branches 
opening together during the same flowering period. On the second, night 
when flowering recommenced the lower flowers on the upper branches opened, 
along with the terminal flowers on branches lower down. Flowering proceeded 
in this manner until all the flowers had opened. Except during the flowering 
period on the first night it is extremely difficult to follow the order of the 
opening of the flowers, as two-thirds of the panicles may be covered with 


From the apex of the opening glumes the first essential part to appear 
was the tip of the stigmas. This was seen in some cases at least 2i hours before 
the glumes Mly opened. At various hours during the night the glumes opened 
fully..^ Dtang the months of March and April, the larger number of flowers 
opened between the hours of 1 a.m. and 4 a.m., but stray flowers opened as 

3-30 A.M and 4-30 a m., but on rainy nights occasional flowers opened as 
early as 8-30 P.M., and this coutmuedtill 4 p.m., the following afternoon. 

Tahl^/™ flowers observed to be open, 

from rt panicles on six successive nights 

from the 24a March, 1914, ae total number of flowers at each period on 

recordsthe number 

f flowers m 6 panicles for six successive nierhts from th^ IQ+.L Arrrvrr.f ims 





Fig. n 

Hermaphrodite seske spikelet of 
A. Son/ hum x 5 . 

The anthers liave dehisced without the 
stamens failing out. 


Male i’(‘(lieelled spikelet of 
-i. Son/ limn X i"). 

The ] lores in the antiiers 
are well seen. 


Hermjiphrodite 
til nines closed 


sessile spikelet of A. Son/Imm X i 

with stigmas outside and still fresh. 
1 Jiotograph taken at 4 p. m. 
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Table I.— (iMandi 21—29, 1914.) Table II.— (August 19—24, 1915.) 


No. of 
tlowei-s at 
each period 
for six nights 


From 11 p. M. to midnight, 
midnight to 1 a-m. 
1 A.M. 

2, A.M. 

3 A.M. 

4 a.m. 

5 A. M. 

6 A.M. 

7 A.M. 

8 A,M. 

9 A.M. 

10 A.M, 


A.M. 

3 A.M. 

4 A.M. 

5 A.M. 
0 A.M. 

7 A.M. 

8 A M. 

9 A.M. 

10 A.M. 

11 A.M. 


358 

1,096 

1,267 

1,233 

1,093 

797 

521 

443 

439 

214 

117 


Hour 

From 7., 30 V M. to 

8..30 P.M. 

„ 8.30 K!W. „ 

9..30 P.M. 

„ 9.30 i».M. „ 

10.30 P.M. 

„ 10.30 P.M. „ 

3 A.M. 

„ 3 A.M. ,, 

?.30 A.M. 

„ 3.30 a.m.,, 

4 A.M. 

„ 4 A.M. „ 

4.30 A.M. 

„ 4.30 A.M. ,, 

7.30 A.M. 

„ 7.30 a.m. „ 

4 P.M, 


No. of 
flowers at 
each period 
for six nights 


16 

80 

99 

164 

483 

687 

330 

81 

96 


Bali ^ simply mentions that the flowers open in the morning without 
specifying the hour. The above observations differ from those of Koeniioke^ 
who finds the flowering to be at its height between 8 a.m. and 9 a.m., and states 
further that it may continue throughout the day. It is clear from the tables 
above that only occasional flowers open during the day. The latest instance 
of an open flower was 4 p.m. on a rainy day. The inference naturally is that 
the opening of the flowers is influenced by the moisture conditions of the air. 

As the glumes began to open with the swelling of the lodicules, the stigmas 
which had been protruding slightly were seen surrounded by the three anthers. 
Elongation took place gradually, the tip of the stigmas still remaining above 
the anthers. Finally the rate of elongation of the stamens increased, the lateral 
stamens usually lengthening first until they surpassed the stigmas. As the 
pressure between the glumes was relieved by the opening of the glume and the 
exertion of the anthers, the anthers became more distant from each other and 
the lower hairs on the stigmas could be seen spreading out. The two lateral ' 
stamens finally elongated rapidly and their -weight caused them to fall out. 
With the resulting relief of pressure the stigmas, which, up to the present, had 
been in the antero-posterior plane, moved into the lateral plane of the flower and 
rapidly expanded into the space left between the outer glumes. The posterior 
stamen then fell out. The dehiscence of the anthers took place at various 
times. Generally the lateral pores were visible just as the glumes opened, but 
in a considerable number of cases dehiscence took place only after the anthers 


1 BaU, 0. R. Am. Br. Mag. 1910, p. 283. 

^ Koomiok©, F. UavA^wik cka Qeireidebaim. 
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■srete pendent. In a small numbeT of flowers in the more compact type of 
panicle the anthers did not assume tlio pendent po,sitioii rcraamiiig partially 

within the glumes close to the stigmas (Fig. 3) : while in a few of the last flowers 
to open fox the flowering period of that night there was no dehiscence of the 
The opening of the pores of the anthers caused no scattering 
had fallen over that pollen 
is also admitted by 
The details of the process related above vary 
from those described by the two authors. 

of the glumes till the 
Instances were 
•short a time as 3 minutes, 
30 minutes . Finally as stated 


pendent anther. 

of pollen and it was only when the anther 
escaped. The flowers therefore are protogynous as 
Koernicke^ and Kirchner, 
considerably, however, 

The whole process from the time of the opening 
anthers assumed the pendent position occupied 10 minutes, 
not wanting in which the process took place in as 
while, on the contrary, the process may occupy 
above the stamens may never become pendent. 

The flowers of the jiicir opened only once, the glumei- 
for 2— -3 hours, the closing of the glumes being a much moi’' 
than the opening. The stigmas remained ont.sidc after the glumes liad closed 
and appeared quite fresh for as long a period as 24- hours after the glumes had 
closed. (Fig. 2.) The length of time taken for the whole panicle to complete 
flowering varied with the size of the inflorescence and the number of flowers. 
The average time was about seven days. 

From the observations it is evident that cross-pollination between flowers 
of the same panicle is the rule, the pollen from the higher and eailier opening 
■ flowers falling on and pollinating the stigmas of lower and later flowers. This 
is the conclusion also arrived at by Fruwirth^. Cross-pollination by foreign 
pollen can only take place in the first flowers to open, and possibly in the case 
of late opening flowers whose anthers do not dehisce. Self-pollination can 
only take place in late opening flowers whose stigmas remain surrounded by 
the anthers which do not fall out, but even in those cases the chances are 
in favour of pollination from higher flowers in the same inflorescence. Though 
typically anemophilous the flowers of the juar were visited in considerable 
numbers by insects. In addition to small beetles which crawled over the 
panicle, the flowers were regularly visited by bees. During the months of 
March and April the first bee to arrive soon after day-light was a small 
bee with white stripes {A'pis florea). This was followed by the largo wild bee 


r Koornioke, S'. Loc. cit, 

* Kitohner, D. Nem Beolmhtungm, ji. ll. 

8 Ikuwitth, C. Die ZvjM-wng d&r landwirtscJiaftKcfhen KuUurpflanzen, Bd. V, 1912, p. 



f r ^vxTiia yeuow stripes (A. indica ?). TJxc bees 

. aio:ully over the panicles, picking out the leeeiitly opened flowers 
from whose anaors they milked the pollen with their first pair of if By 
8 A,M the visits of the bees had ceased. Undoubtedly Ve beesfro an 
important agency in bringing about pollination by foreign pollen. 

Frequency oe Foreign Pollination. 

1 orei n pollmahon is much more common in some varieties than in 

TZZt compact 4:: 

oi inrloicsconce and more fremipnf" in -f-im i ± * 

f • T,. . ^ xiecpient in the looser types. Amonust the lattm- 

wThf ong Cef “T““" “ 

fl 1 cbseivations are in accordance with expectation 

poinffoutTbof ‘ogotber and as’ 

while in f/ fl cases, never falling out of the glumes, 

prlctL^^^ those furnish a certain amLto; 

thn comparison the occurrence of foreign pollination in 

sing 0 p an cultures the following table shows the relative frequency :— 

Table III. 


Compact Types 


Lax Types with Shobt 
Glumes 


Lax Types with Long 
Glumes 


No. of 
crossed 
flowers 
per 100 
heads 


No. of 
crossed 
flowers 
per 100 
heads 


No. of 
heads 
sown 


No. of No. of 
heads crossed 
sown flowers 
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in a compact type of panicle, Thartliiir taken in the same way gave 20% ot 
165 plants out of 828. BalF puts the highest number at 50%. 

Examination of Ceosses. 

Grain characters. The colour of the grain is either red, white, or yellow. 
The red grains owe their colour to the presence of a red coloured cell sap in the 
cells of the pericarp. This colouring extends also to other parts of the plant, 
particularly to the leaves. During the vegetative period the red colour is- 
masked by the chlorophyll, but rvhen the plants ripened the leaves of the red 
grained plants stand out on account of the red colouring matter contained in 
the leaves. The yellow colour is similarly due to a yellow coloured cell sap 
in the cells of the pericarp. The colour likewise extends to the foliage of the 
plant but at the time of ripening is less noticeable, the darker yellow loaves 
of the yellow grained plants being liable to be overlooked by a casual observer. 
The leaves of the white grained plants at liarvest are straw coloured. 
The colour of the plant can be detected at the time of flowering, the 
stamens and stigmas of the red grained plants being orange, and those of the 
yellow and white pale yellow. 

Cross I.^ 

In the first natural cross observed, namely, Lai Juar, 1908, the head sent 
in may be taken for our purpose as an irlant, heteroz 3 ^gous with regard to 
the colour of the grain containing a simple pair of allelomorphs, presence arrd 
absence of red. The number of plants was unfortunately small, but the 
numbers indicated that this cross conformed to the Mendeliau interpretation. 

Cross II, 

In the same year Sheiraliwarri D proved to be a heterozygous plant for the 
same pair of characters. 

Cross III. 

In 1910 Lai Guranj, which had been true to the red character of the grain 
in the single plant cultures, began to split into red and white. This was 
evidently a case, of natural cross-pollination in the single plant cultures, the 
hj^brid being heterozygous for the same pair of allelomorphs. 


m 
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Cross IV. 

Amongst five rod gramodjWs from Gunji, seenred in tie harvest of 1909 
ttee were found to be heterozygous for red and white in the line cultme! !f 

-,..g ..M. - ... w 

“■** '•”« • -J- <n. « 


Table IV, 


1909 ... ' 

Ratio ... 

1909 Plants used as parents 


2 plants red 
Red 
25 
31 


White j White 


1910 

All 


239 

87 

Ratio 

' 2-7 1 

1910 Plants used as parents 

'l2 

25 ' H 


Red 

Red 

White White 

1911 

All 

926 

261 All 

Ratio 

35 

1 

1911 Plants used as parents 

3 11 ' 

5 


Red 

Red 

White 

White 

1912 

All 

118 

'70 

All 

Ratio 


1-7 

1 
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Cross V. 

From 1910-1913 Thaithur, wliich had been a pure wJiito for the two 
previous years, produced a small number of red grained plants in tho single 
plant cultures. This was unexpected and the explanation lay in one of two 
directions; — ^Either these reds wore rogues, i.e., jilants from stray seeds, or 
they were crosses. The small number of red plants might support either 
supposition. On resowing they proved to be crosse’s. 

Cross VI. 

Niiwa in 1910 produced in the line culture seven red giaiiicd pla]\ts, the 
rest of the line being white grained. On resowing, these red grained plants 
proved to be crosses splitting into red and white. Niiwa appears to bo a variety 
very liable to cross-pollination, the percentage of crosses being as higli as 0%. 

The following table sets out the combined figures obtained from tho last 
two natural crosses which occurred in varieties having a loose typo of panicle 
with short glumes : — 



1*8 
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Cross VII. 

Four of the rod grained plants from Gunji in 1910 were found to be 
heterozygous for rod and yellow in the line cultures of 1911. The numbers 
correspond with those expected under MendeFs law'. Further line cultures in 
1912 gave again an almost mathematical demonstration of Mendel’s law." 

Table VI. 


Gunji Med. 


1911 


4 plants red 




Red 

Yellow 

1912 


94 

, 32 

Ratio 


2*9 

1 ' ' 

1912 

Plants used as 

■ 



parents 3 

10 



Red 

Red Yellow 

Yellow 

1913 

All 

300 102 

All 

Ratio 


2-9 1 

; 


Cross VIII. 

One of two yellow^ grained jmrs from Gunji secured in the harvest of 
1909 was found to be heterozygous for yellow and white grain in the cultures 
of 1910. On further culture the same - phenomenon was observed. The 
number indicated segregation as described by Mendel 
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Table VII. 


Gunji Yellow, 


1909 

- 1 plant yellow 


Yellow,,:- ■ 

White 

1911 

12, 


Ratio ... ... 

■V- : 3 " 

'"■1- 

1910 Plants used os 





ptiients, 


S 


' : " 4 ■ ■ 


Yellow 

Yellow 

White 

White ,, ', 

■ 1911 ; 

All 

135 

27 

All 

Ritio 


■-■"r;--", '5 




Thirty yellow grained planft of Gunji from the harvest of 1912 were grown 
and the result in 1913 was in accordance with the above observation. In 
seven cases evidence of further natural crossing was apparent but this does not 
vitiate the result appreciably. 


Table VITI. 
Gunji Yellow. 


M9I2; 


.30 plants yellow 




7 

1912 Plants used 
as parents 

Yellow 

Yellow 

White 

Yellow 

White 

Red 

1913 

:y;'^ All,-:vVr 


28 

165 


10 

Ratio 


4 

1 

3'2 
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^3b6ss IX. 

The next cross Gunji resulted in the production of three types of plants 
distinguished as Red grained, Yellow grained, and White grained, respectively. 
Taking the families in which all three colours occur we find the total Red, 340, 
Yellow, 96, and White, 139, This approximates to a 9 : 3 : 4 ratio fairly closely, 
the expectation on that supposition being Red, 326 ; Yellow, 105 ; White, 140. 
The red grained plants proved in further cultures to he of three types, the 
yellow of two and the ■white of one type. On crossing a number of the whites 
with one of the pure yellows, however, the whites proved to be of at least two 
kinds, namely, those which gave a red grained Fi plant and those which gave 
a yellow grained Fi plant.* This leads to the assumption that some of the 
whites are really undeveloped reds and only require the addition of yellow 
to cause the red colour to develop. The complementary factors that compose 
the red colour are separate, one being contained in the white grained plant and 
the other in the yellow grained. When both of these combine tbe red colour is 
produced. The simplest solution suggested by Mr. H. Martin Leake to whom 
I desire to tender my thanks for the suggestion is one involving only two 
factors R (red) and Y (yellow). The simplest case of such a combination is 
one in which RrYy will give 12 Red, 3 Yellow, 1 White, supposing red 
completely masks yellow. If we suppose that Red can only develop in the 
presence of yellow then RrYy gives 9 Red, 3 Yellow, 4 AVhite. 

The actual numbers are given in the table on page 212. 

* Artificial cross-pollimtion. Juar presents few difficulties with regard to artificial cross- 
pollination. The inflorescence can be mutilated very considerably without apparently interfer- 
ing with the fruit development of the remaining flowers. The fruits also develop freely inside 
proteoting envelopes. The method employed was to select a plant in which the panicle was 
just emerging from the leaf sheath. In the afternoon all the topmost branches, with the excep- 
tion of three, were removed ; at the same time the lower branches were removed to expose 
the rachis which forms a useful support on which to fasten the protecting envelope. The 
removal of the lower branches further prevented the chance of pollen from the lower flowers 
adhering to the mouth of the envelope during subsequent examination of the protected flowers. 
All the flowers were removed from the three top-most branches except one near the tip of each 
branch and one near the lower end of the branch. The glurries were thereafter gently forced 
apart by holding the awn with forceps and pressing the glumes laterally. The flower was thus 
easily castrated and was then protected in the usual way by an envelope. When the stigmas 
were mature — this being ascertained by removing the envelope, when, if the .stigmas are 
matxire, the glumes are found to be open with the stigmas extruding— pollen was applied. It 
is nece.s.sary to make the examination early in the morning, though castrated flowens in 
envelopes remain open for a longer time than exposed flowers. After the grain had set the 
bottom of the envelope was tprn off, the remaining portion serving the double purpose of a 
distingui.slung mark and a protection from birds. Control flowers showed that there was little 
danger of accidental self-pollination during the proce.s.s of ca.stration if ordinary precautions 
were taken. 
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The accompanying diagram shows the relationships between the line 
cultures of each year. It will be noticed that there are numerous natural, 
crosses. These numbers have been enclosed in brackets. The figures below 
each letter give the number of plants of the colour occurring in the line. 

Glume diameters. The varieties of juav can be divided into two main 
groups as regards the length of the glumes in comparison with the size of the 
grain. The commoner type has the glumes shorter than the grain which is 
thus exposed and appears to be held in a cup formed by the glumes ; the less 
common type has the glumes much longer than the grain. The glumes meet 
above and conceal the grain. The long glume character is, so far as 
observation goes, always associated with a loose type of panicle. 

Cross X. 

The first cross between the long glumedy^or and the short was noticed 
m 1911 when in a pure line of Galgalya six short gliimed heads were observed. 
These on further culture split into long and short in a ratio wliich corresponds 
very closely with the Mendelian ratio, 3:1. 


Table X. 

Galgalya {long glume). 


1911 

6 plants short 


Short 

Long 

1912 

60 

20 

Ratio 

3 

1 




1912 Plants used as parents 

4 



3 


Short 

Short 

Long 

Long 

1913 

All 

192 

61 

All 

Ratio ... ... 


3-1 

1 
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Tlio aecompanyii)g diagiam shows the relationships between the line 
cultures of each year. It will be noticed that there are numerous natural, 
crosses. These numbers have been enclosed in brackets. The figures lielow 
each letter give the number of plants of the coIout occurring in the Hue. 

Qlume chamcters. The varieties of can be divided into two main 
groups as regards the length of the glumes in comparison with the size of the 
grain. The commoner type has the glumes shorter than the grain whicli is 
thus exposed and appears to be held in a cup formed by the glumes ; the less 
common type has the glumes much longer than the grain. The glumes meet 
above and conceal the grain. The long glnme character is, so far as 
observation goes, always associated with a loose type of panicle. 

Cross X. 

The first cross between the long glumed juar and the short was noticed 
in 1911 when in a pure line of Galgalya six short glumed heads were observed. 
These on further culture split into long and short in a ratio which corresponds 
very closely with the Mendelian ratio, 3:1. 


Table X. 

Galgalya (long glume). 


1911 

6 plants short 


Short 

Long 

1912 

60 

20 

Katio 

.3 

1 


, 


1912 Plants used as parents 

4 



3 


Short 

Short 

Long 

Long 

1913 

All 

192 

61 

All 

Ratio 


3-1 

1 
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Cross XL 

In 1911 amongst the white grained plants ol Cross No. V, two linos woio 
found containing plants with long and short glumes respectively, the 
proportion of which was very nearly 3 short ; 1 long. It was thei efore 
obvious that the parent heads , from which those lines were sown were 
heterozygous for the long and short glume characters respectively. 


Table XI. 
Nikoa {short glume). 


1910 




2’ plants short 







Short 



Long 


1911 



32 



18 


Ratio 


1*7 


1 


1911 Plants used 
parents 

as 

14 


17 


16 


2 


Short 

Short 

Long 

Long 

Short 

Long 

1912 


All 

271 

87 

All 

42 1 


Ratio 



3T 

1 



i 

l_ 

1912 Plants used 
parents ... 

as 

16 


65 

9 






Short 

Short 

Long 

Long 




1913 


All 

1236 

422 

All 

1 



Ratio ... 



2*9 

1 






Gross XII. 

^ In 1911 a short red ynor was observed in the pure lino of white Galgalya. 
This on resowing split into four types of heads — red short, red long, white 
short, and white long. The original short red was therefore heterozygous for 
two pairs of allellomorphs, viz.^ red and white in the colour of the grain, and 
shortness and longness in the length of the glume. 


1 plant red short 


R. J. D. graham 
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S-OMMARY. 


: Androjwgon Sorghum, Brot. is protogynous. Notmally the flowers are 
I)ollinated from the higher flowers of the same panicle. The flowers though 
typically anemophilous are regularly visited at certain seasons by insects, 
chiefly bees. This undoubtedly leads to natural cross-pollination, tlie liability 
to which depends on the structure of the panicle, being greater in the laxer 
forms. 

Flowering takes place in a fairly regular order. During the montlis over 
which the observations extended, the majority of the flowers opened between 
2 and 4 A.ir. Stray flowers may open before or after, this being influenced 
by the moisture conditions of the air. 

In the grain the red colour and the yellow colour behave as simple 
allellomorphs, as also do the red colour and the white colour, red being in both 
cases dominant. Likewise the yellow colour and the wdiite colour may behave as 
simple allellomorphs, or the heterozygote may be red, behaving as a dihybrid 
with a 9 *. 3 : 4 ratio for red, yellow and white, respectively. The simplest 
explanation is that certain ^vhite grained plants are undeveloped reds requiring 
the presence of yellow to cause the red colour to develop. 

In the glumes the long character and the short character behave as simple 
allellomorphs. 


Nagpur, 
October 1915. 
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coil cavitv is RoiUGtimes filled witfi a yellow or brown gummy substance. On 
account of the death of the protoplasm and the loss of the water contents of 
tlie cell the cell walls collapse. The depression of the diseased area may bo 
due to this collapse of the cell walls of the outer tissues. It is between 
these swollen and diseased cell walls that unseptate hyphse arc to 
be found. 

It is difficult to trace the hypbse, as they are generally completely masked 
by the presence of the brown pigment^ which also prevents the affected cell 
walls from being stained by staining reagents. The presence of the hyphae 
can bo detected when the sections are treated vdth dilute ammonia or when 
they are subjected to ammonia vapour for a minute ; chloral hydrate also 
tends to clear the pigment and thereby to reveal the presence of the fungus ; 
boiling the sections for a few seconds in hydrochloric acid, as recommended by 
Ducomotji either completely removes the pigment or leaves in the tissues 
only a slightly rmllow tinge, if then washed in water and boiled with lactic 
acid, the liyphee can be seen and wall stain faintly blue with cotton blue. The 
hyphae in the stem have been found to be intercellular and confined to the soft 
tissues. They are not to be found between the walls of the sclerotic cells 
though the latter are often filled with the brown gummy substance ; they 
are also absent from between the walls of the wood cells. Haiistoria are 
of rare occmrence and have been chiefly observed in the cortex ; they are 
globose or finger-shaped (Fig. 1). In the tissues of the rind of the diseased 

fruits the mycelium is both 
inter-and intra-cellulax. The 
hyphse are confined to the 
tissues of the rind. They 
have not been found to 
penetrate the tissues of the 
woody shell, but in ad- 
vanced cases of attack they 
reach the inside of the 
shell through the sutures. 

Pig. 1. Intercellnlar mycelium with hfiustoria from Bacteria and fungi like 
„ ais6.ised tissues of the stem. x.Sfio. ,, tit n • 

iJig. 2. Gemiuatioti of the zoospores. x480. Botryomjjlodiat Fusanim, 

Nectfia, Qlmos'porkm and 
others coming in the wake of Phjtophihora then completely destroy the fruit. 

V Ducoinet, V. Eocherehes sur 1© d^veloppemeut de guelq^ues champignons parasites i 
tijalle Buhcnticulaire, p. 11, 1907, 
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il'ig. 1. A young stromatoid structure as seen in a transverse section of the 
diseased fruit. x480. 

Fig. 2. A mature structure hearing sporangia. x2l5. 

Fig. 3. A tangential section showing the loose cells forming the stroraa-Uke 
body. x4S0. 

Figs, 4-8 Cells of the stroroatoid body, x480. 


JBHANGHK FAEDUNJI DASTXm 

The hyphse in the epidermal cells of the fruit form a stroma-like body 
which completely destroys the host cells (Figs, 1 — 3). When young this is 
composed of a single layer of pallisade cells with one or two rows of small 
basal cells. These cells enlarge and press against the cuticle jnishing 
it out and ultimately rupturing it. The apical cells grow considerably in 
size, generally more breadthwise than lengthwise, thus losing their pallisade 
shaiDG (Figs. 4 and 8) ; at the same time they also become sometimes 
iobed (Fig. 7). This stromatoid body has always been found to consist of 
loose cells. This is very clearly seen in tangential sections (Fig, 3). All the 
cells remain hyaline and are filled with finely granular protoplasm. From 
the top of the apical cells arise sporangiophores, usually one from each cell 
but, at times, as many as three (Figs. 2 and 4 — 8). The tissues of the fruit in 
the neighbourhood of the stroma-like body become discoloured and the cells 
are filled with some brown substance. 
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This formation of such a stroma-like body has not been, as yet, observed 
in any of the PhjtopMioras known. The only other genus of the Perono- 
S'-poraceoB in which something akin to it is formed is Cystopus and even here the 
base of the soriis consists merely of the swollen pedicels of the spore-chains 
and no formation of distinct basal ceils interposed between the mycelium and 
the spore stalks occurs. De Bary considers that some characters found in 
Pythium suggest a common ancestry for Gystopus and PliytopJdlioTGt and 
therefore the finding of this sorus-iike structure in a Phytophthora is of 
interest as recalling the sori of the Cysto^nis. In Cystopus^ however, the 
hyphse beneath the epidermis bear directly a tuft of broad basidia from 
each of wJiich a single chain of sporangia arises while in the Phjtophtlwm 
under study the basidinm or apical cell of the stromatoid body bears not 
alone one but as many as three sporangiophoros. 

The sporangiophores vary much in length ; at times they are extremely 
small, the sporangia being almost sessile on the epidermis. Sometimes the 
spore stalk instead of bearing a sporangium directly after it has emerged from 
the epidermis continues its vegetative growdh, and sends out branches which 
ultimately bear sporangia. The sporangiophores are simple ; only occasionally 
branched. Sporangia are ovate or citron-shaped and terminal; at times 
lateral. The number of zoospores in a sporangium varies with the size of the 
sporangium. They are bean-shaped with a jDointed anterior and have two 
cilia of unequal size. After swimming for some time the zoospores come to 
rest, lose their cilia, round off and germinate by sending out one to three 
geim-tubes -which either continue their vegetative growth or when quite small 
s-weli at the tips to form secondary sporangia which when mature liberate 
one to three zoospores (Big. 2, p. 218). Resting conidia are borne in the felt 
of mycelium on the surface of the fruit and on the tapping cut. They are 
honey-coloured, yellowish or at times hyaline, generally round, and they 
are either terminal, lateral, or intercaiar. 

Inoculations on esvea, 

111 order to verify that this PhytophtTiom "was the cause of the "‘Black 
Thread ’ disease, inoculation experiments with pure cultures obtained from 
diseased fruits have been carried out. The inoculations w^ere at first done by 
putting a bit of the mycelium on a newly tapped surface ; the inoculated 
areas were kept covered, from 24 to 48 hours with cotton soaked in sterilized 
water. In four days the points inoculated showed signs of successful infection : 
they had turned either black or had vertical black lines, and had become 
slightly depressed. Within a week they showed typical symptoms of " Black 


jEHAKQIR FARDUNJI BASTUR 


221 





Thread.” Yertical cracks were present on the inoculated areas and in some 
cases there was even an exudation of latex in drops. Sections from these areas 
showed the presence of interceEiilar hyphae in the tissues, which had turned 
brown as in the case of naturally diseased tissues. Of the 55 inoculations made 
only 4 were unsuccessful. 

inoculations in a similar way were also made on renewing bark and old 
bark. Fifteen inoculations on the uninjured renewing bark where the cork 
formation had taken place and 18 inoculations on the uninjured old bark were 
made ; all these failed. When, however, the bark was removed thereby exposing 
the outer green tissues of the cortex, the inoculations were successful. Of the 
33 made only one failed. The inoculated tissues turned black, became depressed 
and developed vertical cracks. The blackening of the tissues did not extend 
beyond the cut and practically remained confined to the exposed green cortex, 
at least for three weeks, and had not during this period reached the cambium ; 
only when the bark round the inoculated area was removed, laying bare healthy 
green tissues, did the infection spread outwards and attack the newly opened 
tissues. On branches also inoculations failed on the uninjured bark 
(7 inoculations wmre made) but succeeded on newly opened green tissues (18 
inoculations -were made). In those cases in which the tissues were wounded 
almost as far as the cambium, which wms itself uninjured, gaping wmunds 
exposing the wood w^'ere formed as the result of the inoculation. All these 
experiments were carried out on mature trees, i.e., trees more than 6 to 7 
years old. Trees 1 to 6 years old have also been experimented upon and 
the results have been the same. Six inoculations made on the uninjured 
thin epidermis have been unsuccessful, but on 19 young trees where the 
epidermis was injured the inoculations succeeded ; the same results have 
been produced with saplings a feAV months old ; in all these cases inocula- 
tions were made in the same w'ay as ’desciibed in the first case. In a few 
cases zoospores were used instead of the mycelium and inoculations on 
freshly opened tissues have been ecpally successful. Some of the successful 
inoculations have also produced sporangia. , 

Morphology of the Fungus in Culture Media. 

This fungus has been growm iu various culture media to induce it to 
produce oospores ; but all attempts have failed. 

In some agar media sporangia are much bigger than those found on the 
host plant. In nutrient media they vary from 26 to 61// in length and 19 to 
37/t in breadth ; they are terminal, lateral or even intercalar. The number of 
zoospores liberated by some of these sporangia is as much as 30 ; the size of 
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the zoospores produced in culture media is almost the same as those produced 
ou the host plant. The resting oonidia in nutrient media do not show as much 
variation as the sporangia. They ate only slightly bigger than tliose found 

in nature. 

lu water cultures the branching of sporangiophores is as complex 
as those of P/i. omnivora ; sporangia are of the same size as those found on the 
host plant. 

The fungus grows luxuriantly in French bean Juice agar, Quacker oat agar, 
Oat Juice agar, Oram agar, and Grreen peas agar. In these media the aerial 
growth is very profuse, the culture tubes being completely filled by it 
within a week 

In glucose meat-extract agar the mycelium remains submerged and forms 
on the surface a thick undulating mat. The hyphse are richly branched, 
irregularly swollen and full of highly granular protoplasm and oil globules. 
Sporangia and resting conidia are fairly numerous. 

If this culture medium contains a trace of potassium phosphate the fungus 
remains sterile. Instead of this salt if one per cent, tannic acid be added the 
growth is similar but sporangia and resting conidia are produced in abundance. 
The colour of the resting oonidia varies from deep honey to light yellow. 

Klebs^ aiid Kauffman^ have found hsemoglobin to be one of the best sub- 
stances for the formation of sexual organs in Saprolegniacew. In solutions 
of 0*1 per cent, and of 0*05 per cent, hsemoglobin and of O' I per cent, hsemo- 
globin with 0‘1 per cent, of peptone and of 0’06 hsemoglobin with 0*02 per cent, 
peptone the PJiyto'pJithora under study did not produce, these organs. The 
gro’ivfch was rather poor. The mycelium remained settled at the bottom of 
the solution like a woolly ball. The mycelium was branched ; sporangia and 
resting conidia were fairly abundant. 

As in liquid solutions the growth of the fungus is rather poor, O’l per cent, 
hsemoglobin was added at about 50°C. to sterilized French bean Juice agar 
and Oat Juice agar. The growth of the fungus was good. Sporangia and 
resting conidia were produced in large numbers. Besting conidia formed 
near a granule of hsemoglobin were generally deeply coloured, dark brown 
or deep honey-coloured ; no sexual spores were produced. Traces of potassium 
phosphate and calcium nitrate were added to French bean Juice agar with 

1 Klebs, Gt. Zur Physiologie der Fortpflanziing ehiiger Pilze 11 SaproUgnia mixta. Jahrb, 
Wiss. Bot. sxxiii, 1899. 

a Kaxiffman, C. H. A contribution to the Physiology of the Saprakguiacm, with special 
reference to the variations of sexual organs. Ann. Bot. xxii, 1908, p. 362, 



hsomogiobin. The growth of the fungus was inclined to be confined to the 
surface of tl),e medium. Hardly any sporangia were formed but resting couidia 
were produced in large numbers. 

To glucose meat-extract agar were added traces of hsemoglobin, potas- 
sium phosphate, and calcium nitrate. The growth of the fungus in this medium 
was similar to that in glucose meat-extract agar. Hardly any sporangia 
and a few resting conidia were produced. 

In horse dung agar the growth Avas very scanty and entirely submerged. 
Sporangia were produced in large numbers but resting conidia very fewA In 
horse dung solution the giowdh was very poor. Sporangia were fairl}^ many 
but resting conidia very few. 

On steiilized potato cylinders the aerial growth is very little ; at first the 
mycelium remains closely appicssed to the surface of the cylinder, rtesiing 
conidia are produced in large numbers but sporangia very fe•v\^ 

On steiilized pods of green peas the fungus grows very well. There is a 
good aerial growth. Resting conidia are developed in large numbers ; 
sporangia very few. 

On sterilized ants the fungus did not grow. 

In culture media this fungus does not produce the stioma-like bodies 
which it forms on fruits. 

Comparison between the phytophthora disease of hetea in burma 
AND in other HSFHA-GROWINO COUNTRIES. 

In Ceylon Hevea canker was investigated in 1903 by Carruthers^ and 
was supposed to be caused by a Nectria. Fetch" in 1910 inoculated ten Hevea 
stems with Fhylo'plithora spores obtained from diseased cacao fruits and three 
more by inserting in wounds pieces of diseased cacao pods. Six out of these 
thirteen inoculations gave definite infections and therefore he concluded that 
canker and pod disease of Hevea are caused by the same Phytophihom 
w^hich is responsible for the stem canker and pod rot of cacao, vk,, Ph. 
Faberi Manb. 

According to Fetch^ who has studied Hevea canker in Ceylon under 
field conditions in great detail, Ph. Faberi, the accepted cause of canker, 

1 Carruthers, J. B. Canker (Nectria) of Para Eubber {Hevea BrasiUensis). Circs. & Agr. 
Jour, Roy. Bot. Gard., Ceylon, II, No. 29, 1905, p. 445. 

2 Petch, T. Cacao and Hevea Canker. Circs. & Agr. Jour. Roy. Bot. Gard., Ceylon, V, 
No. 13, 1910, p. 169. 

8 Petch, T. The Physiology and Disease of Hevea Brasiliemis, 1911, pp. 109—201. 
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does not cause a true cauker on Hevea ; tlie diseased bark is usually smootli 
and outwardly appears to be sound; the fungus forms no open wounds and 
therefore he considers the popular name cauker to be a misnomer. Again 
a cankered tree may be killed and the bark destroyed ''without the occurrence 
of any roughness or open wmiiuds.” “ Black Thread ” causes a true canker ; the 
diseased renewing bark in advanced cases completely decays and falls ofl: 
leaving a big gaping wound and in the case of a minor attack the renewal of 
the bark is rough with vertical swollen ridges of wound tissue. How^ever 
serious be the attack of “Black Thread,” it has not been known to kill the 
tree. Bema canker is found even w^hen the stem has acquired a thick outer 
brown bark while “ Black Thread ” is confined on the stem solely to the 
tapping surface. In the case of Eevea canker, therefore, there is generally no 
outward indication of tlie disease while the presence of the Burma disease can 
always bo spotted immediately on its appearance. In some cases, liowever, 
the cankered bark exudes a reddish or purplish liquid, wliich gives an outwuird 
symptom of the diseased condition of the bark : in the Biirnia disease no 
such discoloured exudation has been observed, but there is an exudation of 
w'hite latex from, the vertical cracks on the diseased parts, h'l'om Fetch’s 
accounts Hevea canker does not appear to be a wound parasite on the stem, 
hut “ Black Thread ” is, as is shown by inoculation experiments and by the. 
characters of this disease in nature. 

During the prolonged rams of 1909 and 1910 Fetch^ found in Ceylon the 
decay of the renewing bark on the tapped surfaces. The decay was first 
indicated by the appearance of vertical black lines, just above tbe tapping cut. 
This decay was found to extend to the wood ; the bark on the diseased area 
rotted and left long narrow wounds extending to the wood. The progress of 
the decay stopped when the rains ceased and the wounds healed up but tin? 
renewal of the bark was rough with vertical sw^ollen ridges of wound tissue. 
This description by Fetch of the disease of the tapping surface in Ceylon very 
much resembles that of “ Black Thread ” of Burma ; but there is one point 
of minor difi'erence ; according to Fetch in some cases the decay travelled 
downwards and involved the untapped bark ; Rutgers^ also has found in Java 
that the disease penetrates downward in the old bark ; in Burma, however, 
“ Black Thread ” has never been observed to involve the untapped bark. 
Fetch considers the decay of the renewing bark on the tapped surface due 

i Fetch, T. Cacao and Hevea Canker. Circs, & Agr. Jour. Roy. Bot. Card., Ceylon, V, 
No. 13, 1910, p. 166. 

A Rutgers, A. A. L. and Arens, P. Diseases of Hevm Brasiliensia in Java. Iiiternationaal 
Rubber-Congres met Tcntoonsfcelling, Batavia, 1914, p. 5. 
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to aji excess of moisture on the layer exposed to the rain during tapping and 
not due to any pathogenic cause, because he failed to reproduce this decay by 
means of organisms found in the decayed bark. He does not enumerate them 
but presumably he did not find a Phytophthora among them. The writer 
found in Burma that the decaying bark was soon overrun by saprophytic fungi 
like Fusanu7ni Oephalosporium and pSpicana, especially the first. To see if 
any of them was able to cause Black Thread ” tapped areas were inoculated 
with pure cultures of these fungi but in all cases negative results were obtained. 
The sporangia of Phytophthora are very rarely formed on the diseased stem in 
Burma, and the writer succeeded in getting the sporangia from the incubated 
decayed bark only in a few cases after many attempts and that, too, when a 
thick piece from the diseased part of the stem was incubated after washing the 
piece in corrosive sublimate. Even then a pure growth of the fungus was not 
obtained as there was also a Fusarial growth. 

Fetch’s^ account of Hevea pods attacked by Phytophthora in Ceylon may 
well apply to the diseased pods in Burma, but in Ceylon the fungus from the 
fruit may grow through the stalk into the branch and kill it for some distance, 
while in Burma the disease from the fruit has not been found to travel on to 
the stalk and thence to the branch, though diseased fruits have been found 
hanging on the trees for several weeks. In the case of a fruit badly attacked 
by Phytophthora in Burma., the woody shell underneath the diseased soft rind 
shows black discoloured areas. On sectioning these, Botryodiqjlodia hyphse 
have been, found in the tissues. This fungus from the woody shell has been 
found to travel on to the thalamus ; and from there it may reach the fruit 
stalk and eventually kill it. Petch^ has shown that Botryodiqolodia Theo- 
hrornecB Pat. may follow an attack of Gloeosporimn on Henea branches ; similarly 
it is possible that on the fruit in Burma Botryodiplodia follows an attack of 
Phytophthora and then spreads to the fruit stalk. It seems probable, therefore, 
tJiat in Ceylon also the death of the fruit stalk may be due to Botryodiplodia 
and not due to Phytophthora as supposed by Fetch, especially since he says that 
Phytophthora has not been isolated from diseased fruit-bearing shoots. 

In Ceylon Ph. Faberi has been found to attack the collar and the roots 
as vv^ell, in fact all parts of the tree, except leaves. But McBae and Sundara- 
ranian,^, who have studied in Travancore and Cochin a disease of Hevea which 
they consider to be due to Ph. Faberi, have found tbe presence of this fungus 

1 Fetch, T. loo. eit. 

2 Fetch, T, Physiology and Diseases of Hevea Bvasiliemis, 1911, p. 220. 

8 McRae, W. and Simdararaman, S. Leaf-fall of Hevea. The Planters’ Chronicle, X 
No. 37, 1915, p. 452. ’ 
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not onlj on fruits and the tapping area of the stem but also on young tender 
leaflets, leaves in the buds, stalk of leaflets, main stalk of the loaf and on young 
branches. In Burma the parasite has been found to attack only fruits and 
the tapping surface. McE-ae and Sundararaman report that a second leaf- 
fall occurs in Travaucore and Cochin in July and August, and they are of opinion 
that though their experiments do not prove that Ph, Ftiberi is the cause of the 
second leaf -fall, the presence of this fungus on the leaves is suggestive. 
According to Petcy the fungus from the fruits passes on to the green shoots 
and kills them back or it attacks the stalks and causes extensive defoliation 
and ill a recent Eeport^ of the Department of Agriculture, Ceylon, he says that 
the leal-fall -which often folio^vs the fr'uit disease and is characterized by the 
appearance of a dark brovm ring on the leaf stalk is caused by Ph Faheri. A 
similar leaf-fall also occurs at Twante in Burma but the writer could not trace 
the fall to any pathogenic fungus. The falling leaf stalks wore found to be 
healthy as far as any paiasitic organism was concerned and the leaf stalk did 
not show any dark broum ring. The falling leaves did not become curled or 
flaccid. The writer was ' inclined to attribute the fall to the excessive 
humidity prevalent in July. 

In Cochin and Travancore the PliytojMhom which attacks fruits of Hevea 
producing symptoms similar to those found on diseased fruits in Burma also 
causes the darkening of the renewing bark a little above the tapping cut ; it 
seems, therefore, that in all probability this Phy tophthor a, which McRae® 
does not no-w consider to bo the same as Ph Faber% is identical with the 
one causing Black Thread ” in Burma, in spite of the differences enumeiated 
above. The tendency of the South India PhytopMhora to attack various 
parts of Hevea is probably to be attributed to local climatic conditions. 

Eutgers^ distinguishes two acute forms of Heim, canker in Java, Sumatra 
and Borneo which he considers to he due to the same fungus Ph. Faheri. One 
form is form A or Streepjeskanker ” and the other is form B or “ Vlekkanker.” 
His illustration and description of the former, “ Streepjeskanker,'* clearly show 

1 Fetch, T. The Fungus-diseases ot Hewa, hrasilienm. Internationaal Rubber-Ooirn'es 
met Teiitoonstelling, Batavia, 1914, p. 12. ^ 

« Fetch, T. Rep. Dept. Agr. Ceylon, July 1912 to Dee. 1913. Pub. in 1914, p. c7. 

S McRne, W. Administration Report of the Government Mycologist for 1915-19DJ Ren. 
Dept. Agr., Madras, 1915-1916, Pub. 1916, p. 53. ’ 

4 Rutgers, A. A. L. and Dammcrman, K. W. Zickten en Beachadigingen van Eena 
Brasiliensh op Java. Dep. Landbouw Nijverheid en Handel. Meded. Labor, voor PJaiitcnyoil' 
ten. No. 10, 1914, pp. 27—30, and 

Rutgers, A. A. L. and Arens, P. Zoo. 1914, pp. 27 30. 


JEHANGIR PARDinSTJI BASTUR 


227 



that It IS ifaitical mth the " Black Thread ” disease of feea in Burma. ITie 
form B, Vlekkaidcer includes the well-known greyish-brown or purpEsh- 

reu erred patches in the bark first described in the canker formed on cacao and 

subsequently in the rubber canker described by Fetch in Ceylon. Besides 

he led canker patches of form B, the innermost layers of the bark quite near 
the oambium. or the cambium itsoH, show a slight discolouration, which appears 
on the tapping cuts in the form of dirty brmvn or greyish points and linos or as 
a dirty brown line m the place of the cambium. This form C gives rise to burrs 
if not treated m time. It is not clear wliy Eiitgers considers the two acute 
forms, A and B noted above to be due to the same fungus Ph. Faberi. Ho 
moGulated cacao PhytopMJiora on Hevea and got the typical canker form 
m every case ; but when he inoculated Hevea with PhytophtJiora imm Hevea 
he got the typical black vertical stripes of form A or " Sfcreepjeskauker ” 
Sporangia were presumably obtained from the diseased dark stripes on the 
tapping cut where they are found in abundance in Jav’^a. It is imfortuiiatie 
•that Hevea PhytopMhora has not been inoculated on cacao, either by Petch 
or by Entgers. 

Aooordiug to Entgers^ microscopic examination of sections of Hevea 
tissues attacked by canker shows the formation of secondary cambium 
outside the primary cambium round the brown dead cells. Mr. Bryce, Acting 
Botanist and Mycologist to the Government of Ceylon, kindly sent me* spirit 
specimens of cankered Hevea hark, from Ceylon. Sections from this bark 
showed the formation of secondary cambium surrounding the dead cells as 
observed by Entgers in Java, while sections from renewing bark attacked by 
‘ Black Thread ” in Burma do not show any formation of secondary cambium 
These specimens of cankered bark from Ceylon also clearly showed the 
microscopic differences between canker and Black Thread.*’ Mr. Bryce 
also sent me specimens of diseased renewing bark from Ceylon. .Not only in 
their external characters these specimens were identical with those of Black 
Thread ” disease of Burma, but microscopical examination also showed them 
to be identical. At the same time specimens of “ Black Thread ” on Hevea 
from Burma were sent to the Government Mycologist, Ceylon, with the request 
to let me know if a similar disease was known in Ceylon. Mr. Bryce took the 
trouble of examining these specimens and wrote to me that he had no hesitation 
in pronouncing the “ Black Thread ” disease of Burma to be the same as the 
one occurring on the tapping area in Ceylon where the disease is known variously 

1 Rutgers, A. A. L. Ht'im-Canlier, Dep. Landbouw Nijverheid en Handel, Meded 
Afdeeling voor Plautenzeikten, No. 2, 1912, p. 5. “leatci. 
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as Bai'k Eot,” “ Decay of renewing bark,” and sometimes as ‘‘ Diebaok,” 
and this “ Bark Eot,” according to him, is capable of explanation on 
purely physiological grounds.^ 

From the above account it is clear that on Jlevea there are two distinct 
forms of disease caused by PhytopUlmra, one causes canker in Ceylon, 
Borneo, Java and Sumatra, identical with the cacao canker ; and it is significant 
that this Hevea canker does not cause much damage on plantations of 
Hema only, but is decidedly more serious on mixed Bevea and cacao plantations. 
The other form causes black stripes on the tapping area. This is found in 
Borneo, Java and Sumatra, along with the former disease; and in Burma, 
Cochin and Travancore by itself. Furthermore, the decay of renewing bark, 
first recorded by Fetch® in Ceylon, is due to the second form and not due to 
wet condition as supposed by him. 

It seems clear that we have on Hevea two different species of Phyto'pMhora 
causing two distinct kinds of diseases instead of one fungus causing two distinct 
symptoms of one disease. Of these two different species one is PJl Faheri 
which omses Hevea canker identical with that of cacao as shown by the 
inoculation experiments of Fetch and Rutgers ; and the other species causes 
“ Streepjeskanker ” or “ Black Thread ” disease, as seen from the inoculation 
experiments made by Rutgers in Java and by me in Burma. 

This veiw of there being two diseases of Hevea stem caused by two species 
of PhytofUhom is strengthened by inoculation experiments and by morpholo- 
gical study. 

Fruits and cuttings of Tkeobmm Cacao, kindly furnished by Mr. C!. D. 
Mahaluxmiwala, Superintendent, Municipal G-aidens, Bombay, and by Mr. 
H. E. Houghton, Superintendent, Agri-Horticultural Gardens, Madras, were 
inoculated with pure cultures of Phytophthora taken from Hevea fniits in Burma. 
Four cacao fruits, one about one and a half inch long and the other three about 
four to five inches long, were inoculated either with zoospores or with 
vigorously growing mycelium from pure cultures. Two were inoculated 
through cuts made on the surface and the other two were inoculated on the 
unwounded surface. Though these fruits were kept in moist chambers for over 
a fortnight, there was absolutely no trace of the inoculation succeeding. Four 

f Bryce, G. Report of the Acting Botanist and Mycologist. Trop. Agr., XLYIL No. 1 
1916, p. 29. 

2 Fetch, T. Cacao and JBTewa Canker. Circs. & Agri. Jour. Roy. Bot. Gnrd., Ceylon, V. 
No. 13, 1910, p. 160. 
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cuttings of cacao, tlie thickest as thick as a man’s thumb, were also inoculated in 
a similar way as the fruits. These cuttings were stood in flower vases filled 
with water and they were then kept in moist chambers but the inoculatiojis 
here also failed. Petoh^ having recorded Artocarfus incisa as being one of the 
hosts of Ph, Faberi, fruits and cuttings of this plant and of Artocarpus in- 
tegrifolia were inoculated in the same way as those of Theobroma Cacao ; 
they also gave the same negative results. 

Coleman^ has shown that very young seedlings of Sokmum melongena and 
LycopersiGum escuhntum between one and three inches high possessing two 
or three leaves can be successfully inoculated wuth P/n Faberi from cacao 
fruits ; seedlings of these plants which had not dropped their cotyledonous 
leaves were inoculated with vigorously growing mycelium from pure cultures. 
In every case the inoculation failed. Very small plants of potatoes also failed 
to take the inoculation. But successful infections were secured on seedlings 
of Gilia spp., GlarJda spp., Salpiglossis sjrp,, and Ricimis communis. The 
former three garden plants have been known to serve as hosts for Ph, 
omnivora and Ph. parasitica, and Olarhia and Salpiglossis also for Ph. Arecce 
and Ph. Faberi. 

In the Philippines, Mendiola and Espino^ have recently found a disease 
of fruits of Carica papaya caused by Ph. Faberi, and this fungus from cacao 
they have succeeded in inoculating on papaya fruits ; but these fruits did not 
give successful infections when inoculated with the Phytophthora under study. 

The conidiophores on the fruit in Burma burst through the epidermis in 
clusters, they are simple or occasionally branched, and extremely short or up 
to 102/a long. They at times are so small that the sporangia appear almost 
sessile on the epidermis. Petch does not give his measurements of Ph. Faberi 
on Hevea but quotes those given by von Eaber^ who has studied this disease 
on cacao and according to whom the sporangiophores measure 150 — 200/a. 
Sporangia of the Burma fungus are generally pear-shaped and not very 
variable in shape ; on fruits and stems they measure 20*7 — 35'7 X 15*0 — 25’6/a. 
In rare cases the extreme length was and breadth 29’0/u. The 

5 Petch, T. Ceylon Adininistration Beport, 1906, Roy. Bofc. Gardens. 

2 Coleman, L. 0. Diseases of the Areca Palm, I, Koleroga. Mycol. Ser. Bull. No. II, Dept. 
Agri., Mysore State, 1910, p. 80. 

3 Mendiola, N. and Espino, R. B. Some Phycomycetous Diseases of Cultivated Plants in 
the Philippines. The Philippine Agriculturist aad Forester, V, No. 3, 1916, p. 67. 

4 Von Faber, F. C. Die PhylopMtora—'S'mle der Kakaofriichte. Arb. Kais. Biol. Anst. 
pand-und Forstwirtschaft, VII, 1910, p. 200, 
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average of oO measurements gives the length as 28'5^ and breadth as 20‘4^ ; 
the proportion of breadth to length being 100 : 140. Thus they are smaller 
than those of Th. Faberi which measure 42—80 x 25—30/a according to von 
Faber. The zoospores of the Burma species measure 7T) — 12*5 x 5*0 — 7'5// 
(those of Faberi are not given), and the number of zoospores emitted from a 
single sporangium got from the fruits varies from 3—10 whereas von Faber 
has observed as many as 20 zoospores arising from a- single sporangium. 
According to Borer^ sporangia of Ph. Faberi from cacao measure 
30—60x21 — SO/u, usually 30— 50x25— 27/t and emit from 15—30 zoospores. 
What von Faber and Coleman call oospores are really resting conidia or 
chlamydospores similar to those found in Ph. 'parasitica, Ph. Colocasiw, 
and Ph. infestans. They measure 22— 45/i according to these authors and 
according to Borer 30 — 50ju. Those of the Burma fungus are much smaller 
and measure 17 — 34^ in diameter. 

Peters^ has described a disease of Hevea fruits in the Cameroons caused 
by a Phytophthora but he considers its identity with Ph. Faberi to be doubtful. 
From his scanty account of the disease it is not possible to say with certainty 
whether it is similar to the one found on Hevea fruits in Burma. But judging 
from the measurement given by him it seems probable that the fruit disease 
in the Cameroons is allied to that found in Burma. The sporangia on the 
diseased fruits in Burma lie slightly smaller than those on the diseased fruits 
in the Cameroons, where the proportion of breadth to length is 100 : 144, but 
those produced in pure cultures are similar in both the cases. Similarly the 
resting spore (called by Peters oospores) are bigger on the fruits in the 
Cameroons than those found in Burma but those produced in pure cultures 
are of the same size. 

Bemedial Measures. 

In a previous paper^ preventive measures to check the disease have been 
suggested, viz., thinning out thickly planted areas, systematic removal of 
diseased fruits and stopping of tapping on trees attacked by “ Black Thread.” 
In Java, Butgers"^ recommends the treating ^of the affected bark with a 
solution of 20% carbolineum plantarium every 6 days and of removing from 

’ Rorer, J.B. Pod-Rot, Canker and Chupon-Wilt of Cacao caused by IPhytophtlioTa n]}. 
Bull, of Trinidad Dept. Agri., IX, No. 65, 1910, p. 91. 

2 Peters, Uber eine Fruchtfaule von ttema Irasiliensis in Knraerun. Ber. iib, d, Tiitig« 
keit d. Kaia, Biol. Anst, im Jahre 1911. Mitt. Kais. Biol, Anst. 1912, No. 12. 

8 Dastur, J. F. loc. cit. 

4 Rutgers, A. A. L, and Arens, P. loc. oit, p. 9, and 
Rutgers, A, A, L. and Dammerman, K. W. loo. oit., 31. 
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the tapping round trees affected with “ Streepjeskanker.” According to McRae 
and Simdararamani in Mundakavam (Ti-avancoie) the rot of renewiin- bark 
can be checked by putting with the thumb a thin smear of a mixture of tar and 
taUow^over the affected portion. When this paper was in the press the 
autlioi S Bulletin was reviewed in the Planters’ Chroniole^ in which it is 
stated that the “ Black Thread ” disease is exactly similar to “Bark Sot” 
of Hevea in South India and that it has been found that a oombination of 
oe.ssation of tapping on attacked trees with the application of .a thin smear 
of a mixtin-e of tar and taUow to the .diseased spot has proved very 

L!V™’ T “ixture IS applied with the finger and then nibbed with a 

attacked and its action appears to be two-fold. The tar acts as an anti- 
eptic while the tallow forms a waterproof covering and thus deprives the 
ngus of the moisture so necessary for its growth and welfare. After the 

monsoon the treated areas gradually shed a thin scale of tar coated bark 

and expose a clean healthy surface beneath. Mr. Anstead, Deputv Director 

Ln t ”tb 7il Madras, has very kindly called my atten- 

tion to the following ertraot from the Minutes of a Meeting of the' Ceylon 
Committee of Agrmulture. “ The Acting Government Mycologist ' has 
instituted a senes of experiments with a view to prevent further development 
of the bark rot disease of Hevm lubber. All other trees under tappinv 
e^onments have had the netvly tapped surface covered with a thin ooatmv 
of a mixture made by boiling one oimoo of sulphur in half a kerosine tin of 
water and adding equal parts of fre,sh cowdnng and clay tiU a thick paste 
IS obtained. A pinch of salt added will tend to keep the paste moist and 
prevent clicking and peeling off the trees. The object is to protect the 

aSbari“"*t winds, as a precaution 

a^ain t bark rot and to encourage good bark renewal. This should^ applied 

monthly during dry weather within a quarter of an inch of the tapping 

applSL'llat l^ilr of Tuts laTta?*” 
prevent bark rot or “ Black Thread ” as the infooL“n%onerIuv bo^fjlt 
on the newly opened cut and very possibly the renewal of the bark^’en this 
out will have commcuood before it gets covered with the mixture an^i 
the chances of its getting infected are considerably reduced. In South India 
this mixture has also proved beneficial but it is applied all over the tapped 
> McRae, W. and Sundarararaanr S. loo. cit 

‘ Anon,™..s, Bait Bot ol &«. The Ptaater,. Ohma.ele, XI, No. SI. ,916, p. 982. 
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area, wlien tapping ceases, as it docs in some districts, on account of the 
dry weatlior ; the bark renews quickly and well beneath this covering and 
the bark rot is reduced. 

In those parts of Burma where the rainfall is not as heavy as in South 
India the writer found that merely not tapping diseased trees during the 
rains chocked the progress of the disease, and therefore it seemed tliere was 
no necessity to apply any mixture which would control the disease, except 
jierhaps in extremely wet districts, such as Mergui, where the application of 
a thin mixture of tar and tallow smeared over the diseased area in the 
manner described above should be eifective. Covering the tapped surface 
with a inixturo of clay, cowdung and sulphur as is done in South India may 
be tried. 


PHYTOPBTHORA ON VINOA ROSEA. 

BY ■ 

JBHANGIR FAEOUNJI DASTUE, B. Sc., 

First Assistant to the Imperial Myeologist. 

[Received for publication on tbe 19th July, 1916.] 

At 1 lisa (India) tlie latter part of May 1913 was wet, so also most of the 
month of June. During this period the weather remained cloudv, and the 
atmosidiere was cdiargod with a great deal of moisture. These were ideal 
conditions for parasitic fungi to flourish to the detriment of their host ])lants. 
One of the garden plants that suffered during this period, was Vinca rosea 
belonging to the N. 0. Apocijnacece. 

Leaves, growing points, tender stems just below growing points, flowers 
and fruits were observed to damp ofl, to turn brown and then black. Micros- 
copic examination showed the presence of a parasite of the genus Phytophtliora. 
The disease was prevalent for about a fortnight only. It disappeared soon 
after the weather cleared up and bright sunshine once again flooded the gardens. 
Even when the weather was wet, if diseased plants were removed to a dry 
place, the disease made no headway and the plant dropped its diseased parts 
and brought forth new healthy shoots. The causal parasite lias never been 
found to^ be of a virulent character. Healthy plants inoculated with pure 
cultures m the laboratory invariably gave negative results, except when the 
suiiTjunding atmosphere was kept saturated with moisture, which condition 
was' secured by covering the inoculated iflants grown in pots with bell jars 
with an inner lining of blotting paper and keeping the pots in a basin of v'ater. 
Under these conditions the effects of the inoculations were visible in about a 
couple of days by the inoculated parts, flowers, leaves, growing points, stem 
just underneath the growing point, and fruits, turning broYm and then black 
as in nature. Mature stems could not be successfully inoculated even hi such 
an atmosphere. Eollicles, sterilized by washing in corrosive sublimate (1 in 
1,000) for live minutes, and imsterilizcd follicles wm-e placed in six sterilized 
tubes containing moist cotton plugs. Bits of agar medium containing living 
mycelmm from a healthy cultui’e were used in inoculating these follicles, 
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Similarly sterilized follicles were ])Iacedin water in watch glasses, ajul wore 
kept in moist cliamheTS under aseptic conditions, T]Kis<i fo!lir,Ies woi‘<! 
inoculated by zoospores from the same culture. Those in the tubes did not 
take the inoculation, even though hi many cases aerial myc-elimu was found 
growing from the bits of agar medium used for inoculatijig the follicles; 
while those left in water showed signs of snc-cossful iiuxadations in 
twenty-four hours by the rotting that had set in; an aerial growth of 
mycelium soon followed. These inoculation experiments sufficiently 
show the weak parasitism of the fungus on Vinca rosea. Ikwliaps this is the 
only strain as yet isolated from any species of Phyloji/ifhora having sucli a 
weak parasitism. 

On diseased leaves, sporangia were formed on Imtli the, surfaces, borne 
on short or long sporangiophoi es (l’romu-4- to over 37i> in length) and emerging 
as a rule singly through stomata ; in rare cases, sjiorangiojjJioi'os have heeu 
found to be branched ; two or three emerging together freon a singh', stoma 
have also been observed. The sporangiophore, in a few cases, has bemi foim<l 
to make its way out by rupturing a guard cell. Sporangia are semetimes Ijorne 
on such short stalks that they almost seem to be se-ssile, J^hom jjctioles and 
stems sporangiopliores emerge singly or in clusters tliroiigh any ])art of the 
epidermis as in Pli. parasitica Dast.^ Sjjorangia are genierally jioar- 
shaped, but often irregular ones iiavo been found. The mycelium witliin 
the tissues is both inter and intra-cellnlar. Ifanstoria liave not boon 
observed. 


This Phytophthora was easily taken in pure ciiltiii'c. iJtscasod leaves 
and follicles, washed with corrosive sublimate (1 in 1,000) for five minutes 
and then with sterilized water, were incubated and gave, after a few days, 
a woolly growth. From this pure cultures weio obtained by inoculating tubes 
of Quaker-Oat agar ; this medium was prepared as recommeuded by 
Pethybridgo and Murphy .2 Also seeds removed asepticaily from disoaseil 
follicles similarly sterilized on the surface, were introduced in tubes containing 
nutrient agar and subsequently gave pure cultiu-es of the fungus. 

The growth of this fungus on artificial media is very similar to that of 
Ph. parasitica^ on castor, and also the vegetative, asexual and s<ixual 
reproductive organs ; therefore a detailed description is not needed. 


I Dasfcur, J P., on Phjtophlhom pamsUica nov. spoc. I'lem. Dept. A</nc. India, Hot 

oer.9 V, 

P'ftyteHBo O H. awl Mmphy, P, A., On P„ro Oulturoa oj «. in/e., I, m. do liarv 
and the Development of Oospores. Sc. Pros. Boy. Dub. Soc., Xlll (N.S.), No. :}6 
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Uie thickening, commonlj found on septa of Ph. Colocmiw Eao ^ am’ 
Dast. is usually wanting. W often branches hare been found 
ansuig through septa, gi-mving for seme distance within the omptT colls outside 
tne septa and then coming out by peiforating the wall as in P/j. nm-nnUcf 
and i',marwm iuhmivomm. -Wilcox and Links (Eg. 2). Such branches Ilsto 
i.)eon ohsfirved to form sporangia outside the parent liy])]ia. 

Sporangia and zoospores agree in measurements with those of the 
castor lungns. The formation of secondary sporangia in the Vinca fungus 
IS common. They are either stalked or sessile. Sessile socondarv sporangia 
i..aye always hocn foiimi to arise from the papilla, but stalked oiies arise not 
necessarily from this place. 

Zoospores sown m water, after coining to rest, germinate in less than half 
an hour by giving out on«3 or as many as four germ-tiiLes. Tlie fungus upon 
castor lias not hitherto been observed to give more than two germ-tubes. The 
germ-tube mther grows into a thin hypha, branched or unbranched, or becomes 
swollen. The germinating zoospore, in tlie course of six to twenty-four hours, 
commonly bears a sporangium at the end of its germ-tube (Fig. 1). This mode 
of germination has been observed by Raciborski^ in Phytophthora Coheasim 
and by me in Ph. parasitica on castor. Tlie sporangia borne on germ-tubes 
are pear-shaped and measure 13-20 X 10-15;.. They germinate either bv 
discharging their zoospores, ^ which are from 2 to G in number and as big as 
those produced by sporangia from nutrient media, or by gi-^dng rise to 
germ-tubes or to secondary sporangia. 

Besting conidia resemble those of Ph. pcrrasiiicff in all respeots, except 
in size ; the former are smaller, measuring 10 — 42/x in diameter. 

According to Klebs,^ Oedogonium can be readily induced to form 
antheridia by regulating light, amount of water and the nutrient quality of the 
medium used. It has not been found possible to induce the development 
o.f sexual organs of this fungus by any systematic method, for it is exceedingly 
difficult to determine the predisposing factors. Oospores were found first 
m one of the six .French bean juice agar tubes and a fortnight later in another, 
all of which had been inoculated the same day with mycelium from a culture 
growing on Quakei-Oat agar. These six French bean juice agar tubes belonged 

‘ Butler, E. J. and Kulkanii, 6. S. Studies in Peronospn-acm. Mem. Demt. Amie 
India, Bot. Ser.Y.'^o. ^ * 

Wilcox, E. M., Link, G. K. and Pool, V. W. A dry rot of the Irish Potato tuher. 
Nebraska Agri. Expt. Sta. Bes. Bull. No. 1, 191.^, 

® Pxacaborski, M. Parasitische Algen und Pilze Java's I, 1900. 

* Kleljs, G. Die Bedingungen der Forlpflanzung bei einigen Algen und Pilzen, 1896. 
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1. Z™»porea gomtoattag and producing sporangia and soconaary sporangia 
A. .Branches arising througli septa. ‘ 

(a) shows the formation of a sporangium on such a brancii x :hir, 
Double anthoridium x 557. 

4. Branched antlieridium X 557. 

oogonium and anthoridium of which arise from tlie same 
The oogonium and anthoridium are lateral in origin X .557 

7 in Z7nT antiieridii.) .stalk X 

. An oo..,omnra ongmatmg from witiiin an antlieridium x 557 

b. An oogomum piercing an antlieridium on its way out at several .loinls x ' 
An oogomum bifurcating within an antlieridium x 567. 

10. An oi^omum germinating vegetativoly x 557. 

Giorminating oospores x 667 

0..., . 


to tlie fcame batch. Evidently thoi of ore tfieio can hardly bo any difToroiK-o 
in tliG eompobition of their contents. .Before they were inocnlatod thov had 
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boon piaccrl in the same basket and after inoculation tliey were all in the same 
jar exposed to light. It is therefore difficult to understand Avhv only two 
of these cultures formed oospores while the remaining four develo]ied only 
sporangia and resting conidia. Subcultures were made on French bean 
juice agar, Oat juice agar, Quakei-Oat agar and meat juice agar from those 
cultures bearing oospores. Of these subcultures only one on Oat juice a^ar 
developed oospores and although over a couple of dozen cultures were made 
on Qnaker-Oat agar from different sources still only one tube of this medium 
gave oospores. Many cultures on Oat juice agar produced oospores but their 
development had no relation to the parent cultures. Tubes inoculated witJi 
oultures producing oospores did not necessarily bear the sexual organs wdiile 
transfers made from cultures on the same medium and from French bean juice 
agar cultures not bearing oospores occasionally produced them. Thus it is 
not easy to say what factor or factors stimulate the development of oospores. 
This discontinuous production of oosimres differs from the result got by 
Pethybridge and Mnrphyi with Ph. injestans (Mont.) de Bary, where 
a culture once having commenced to form oospores, continues to do so 
without break in the subsequent transfers. 

The development of oospores follows the method found almost simulta- 
neously in five species of this genus, vu., Pk eryilimseftica Pethyb., Ph. 
infestans (Mont.) de Bary, Ph. Phaseoli Thaxt., Ph. 'parasitica Dast. and Ph. 
ColocasicB Rac. Antheridia and oogonia are always produced embedded 
in the nutrient medium, and are as a rule borne on separate liypha^, but in a 
few cases they have lieen found to be borne on a common stalk (Fig. 6). 

The antheridium of the Phytophlhora upon Vinca is identical with that 
of the castor parasite ; in certain cases branched and double antheridia 
(Figs. 4 and 3) were observed in the fungus upon Vinca, 

Whenever it has been possible to trace clearly the oogonial stalk for some 
distance it has been found that, like the antheridial stalk, it has a lateral origin 
(Fig. 5). In a few cases the oogonium has been obseiwed to be iutercal,ar,\o 

also the antheridium. The oogonium has also been found to arise from within 

the antheridium as in Pk parasitica (Fig. 7). The tentative oogonial incept 
IS at first thin-walied and is distinguishable from the vegetative branches 
of the hypliSB by its having dense and coarsely granular protoplasm : wlien 
it comes in contact with an antheridium its apex as a rule swells before piercing 
the antheridial wall. It generally enters the antheridium somewhere at ov 
near the base, as in the other species belonging to the “ infestams-gron-p. ” 

» Pethybridge, G. H., and Murphy, P. A. he. cit. 
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5S8. 

Tlu; s'^volloii or knob-Uko portion of tlio oogonial incept that is oiiisidx; tio. 
autlieridial incept ni,a 5 ^ give <>ut a sterile ])fo;jcction like tlie autluoidiuro.. 
Til ii. few cases two oogonial incepts liavo been .found to penetrate tlie sansr 
aiitliendiiim at two clifl’erent points, but tbose oogonial inco])ts ]>a.,v<5 ncwiir 
been ffuind to nmtiu’e ; they were never observed to break through, tlie aiddn'r!- 
diion. .Tt. is quite possible for more than one oogonium to be attracted towards 
a single a utheridinm and to make their way within it ; but it is a question 
whetliei* the a.utheridiimi w’ould be able to fertilize more than one oogovLiuiru 
The oogonial incept wdthin the antheridiiim is club-shaped, grows within it 
and eventually Inirsts through it at some point/ In an exceptional case tin- 
oogonial incept within the antheridium had made attempts to Irrea’lc 
tliroiigh at four places by means of four projections three of wbieii 
liud succeeded in boring their way out {Fig. 8). In another (!as(j tlir; oogonial 
incept within the antheridiiiin bifurcated before leaving it and. two bramdies 
made their way out by piercing the antheridial w^all at two diil'cT'ent poiubs 
(Fig. 9). It seems impro})able that these oogonia Avonld lia\o matured and 
pKjduced oospores. After leaving the antheridium, the oogonial incept 
swells out- into a globose body, the oogonium proper. The coui'se of dtuailop"- 
inent of the oospore could not be observed. For the asoxiially .formed, sporajigia 
to revert to the vegetative condition is common and cases have also beon Icnown 
ill some species of Pyihimn. wliere the oogonium, .liad also revertod to tli,e 
vegetatir-e condition. Thus Wahrlicld has observed oogonia, which., on 
being not fertilized, continue their growth vegetatively. Ward- lias also 
made like observations. A similar case lias been found in the fungus under 
study (Fig. 10). An oogonium in Oat juice agar, after making its rvay out 
from within the antheridium, had groAvn to its full size but the wall Avas still 
luithickened and uiicoloured ; it was almost empty of its protoplasmic cumteiits, 
except the thin layer that lined the inside of the oogonial wall and th.e little 
mass that was at the base of the oogonium. Within the antheridium a lateral 
branch had grown out piercing the antheridial wall Outside the antheridium 
it became septate and the portion beyond the septum had protoplasmic con- 
tents finely granulated and was thin-walled, like an ordinary hypha, while 
that below the seirtum was empty and slightly thicker, as thick as the oogonium 
from which it had arisen pit also contained a small cellulose ingrowth. Tim 
oogonium on failing to form an oospore had thus germinated vegetatively. 
Tlie colour, thickness, and size of the oogonial wall is infliionced by the medium 

1 Walirlich, W. Pijlhivm n. .sp. Ber. Deuhdh. Bot. Ges., V, 1887. 

2 Ward, H. AI. Observations on the genus Pylhinm. Quart. Jouru. Micros. Sripiica 

XXIir {K. S.), 1883. ' ’ 
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in wliicli it is gro\?ing, as in Pliytophtriora on castor : but very often on tlie 
same medram smooth and rough-walled oospores have been produced, the 
development of secondary thickening depending upon local conditions. In 
Frencli bean juice agar the oogonium is very slightly yellow tinted, almost 
hyaline ; in Oat juice agar and Qiiaker-Oat agar it is honey-coloured ; in the 
latter medium of a lighter colour than in the former. 

The size of the oospore, unlike that of the on castor, is also 

influenced by the m.edinm in which it is grown. In French bean juice agar it 
varies from 14. — 18/^ in diameter, extreme measurements being 13/r and 20/a 
and the average of 97 measurements being 15‘8/.t ; in Oat juice agar and in 
Quaker-Oat agar from 1(5 — 21 /j. in diameter, extreme measurements being 
log. and 23/i. and the average of 57 measniements being 18'4g,' the size 
of the oospores on these last two media closely agrees with that of oospores 
of the castor fungus. Generally the wall of the oospore is not very thick, hut 
it seems that it is inversely propo.:tional to the thickness of the surrounding 
oogonial Avail. In .Freiich bean juice agar, it is slightly thicker than in Oat 
juice agar or Quaker-Oat agar. Tbe oospore is hyaline in colour. 

Attempts were made to germinate oospores in tap A\uter and sterilized 
water’ taken from wayside pools but they failed, Avhile a feAV of the many 
oospores from Oat juice agar sown in Avet earth shoAved attempts at germina- 
tion. It appears that the germination is preceded by tlie disappearance of the 
oil globule or globules and by the fine protoplasmic contents of the oospores 
turning coarser. The germination is accompanied by the complete or partial 
dissolution of the oospore AA^ali (Figs. 11 to 14). When the oospore is just 
beginning to germinate its Avail shoAvs at times a zig-zag outline due to its 
unequal dissolution (Fig. 12), as observed by Pethybridgrd in the germinating 
oospores of Ph. erythrosepU^^^ Pethyb. In one case the germ-tube had grown 
into a long branched hypha, the end of one of the branches being swollen 
as if it Avas going to form a sporangium (Fig. 14) ; but further growth did not 
take place as the hypha became empty of its contents. From the feAv cases 
observed it seems that the colour of the oogonium of the germinating oospore 
groAving on Oat juice agar becomes lighter. Two oospores in an Oat juice 
agar tube Avere found to have produced short germ-tubes, one each. In 
both these cases the oospore Avail had completely dissohi’ed, and the oogonium 
Avas partly empty. In one a thin layer of protoplasm was lining the inside 
of the oogonial wall. No oil globules were found Avithin the tAAm germinating 
oospores and the contents were coarsely granular. As far as could be judged 

* kethybridge, 0. H. Purtber observations on Ph, erythrodeplica Pethyb. and on tbe 
disease produced by it in tbe potato plant. Sc. Froc. Roy. Dub. Sac., XIV (N.S.), No. 10, 1914, 
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from tho few oospores of the Phytophtliora on Vinca ra.^fca, tiiat have |j(;eji 
observed gemimating, it appears that the mode of gejoiitiatioji ngroes, at 
least in essential points, with that of Ph. enjlhroHC plica d<?s()i'ibed uiinufcoly 
by Pethybridge. 

On account of the peculiar mode of development of oospores, this fungus 
belongs to what Pethybridge^ calls the ‘[ infestam-gtoupP Of all the s])ocic,s 
of this group, the Phytoplithom on Vinca rosea is most closely aliifjd 
to Ph. pamsitica Dast. on castor. Inoculation experiments were (iarried 
out to trace further the affinity between these two. From the very 
coramencement of the study of this parasite it was found that, in order 
to get successful results, the inoculated plant, even if it be the original 
liost, must be kept in an atmosphere saturated with moisture. Inoculated 
plants were, therefore, always kept in such an atmosphei’e as destnibed on 
page 233. It may be noted that no such precautions were retpiired with plants 
succes.sfiilly inoculated by Ph. ‘parasitica, and. tliat the imgative results of the 
inoculation of certain plants detailed below with the PhiflophtM^^^^^ on castor 
have been obtained even when they had been tried under very moist 
conditions. Inoculations on Uving plants were in all cases made by means 
of zoospores from pure cultures. 

The following table shows the results of various inoculation experi- 
ments : — • 


Name of host 

Results of inocula- 
tion with Phytoph- 
ihora on Vinca 

Results of inocula- 
tion with Phytoph- 
thora on castor 

Glarhia degam. Seedlings in a pot . . 'j 




Qilia nicalis and mixo<l species. Seedlings in 
a pot. 


\ 


Salpiglosti^ variabilis and mixed .species. 
Seedling.s in a pot. 

ScMmntkus return and mixed species. Seed- 
lings in a pot. 1 


Po.sitiv6 

Positive 

Hici/iiis communis. Seodliiig.s in a pot . . 

Syringa mhjaris. Small plants. .. ; , 

Vinca rosea . Slature plants - . . 

Pruits of F'iVtca /'05e<i ., ,, .y 

I 

1 

Positive 

Negative 


1 Pothy bridge, G. H. Oa the Rotting of Potato Tul)ers by a Now Speoios of PhijiopMhom 
having a Method of Sexual Roprodnetion hitherto undeecribed. Sc. Proc. Boy Dub. Soc 
XIII (N. S.), No. 35, 1913. 
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Name of liogfe 

Kesults of inocula- 
tion with Phytoph- 
thir<i on Yinea 

j Reanlts of inocula- 
1 tion with 
! thora on easttu- 

R'liits of Eicinus communis . . . , 

Pekmia sp. Seedlings in a pot . . , . 1 

Positivo 

j Positive 

j ■ 

Martytiia diandm. Mature plants 1 

Ihese two hosts have been found in natui'e j 
to be attacked bji" a Phytophthora. J 

Ediammi mdongena. Young plants . . ■j 

Positive 

1 Negative 

Solanum tuberosum. Yoimg plants • • j 

Negative 

Positive. 

Lycnpersmim meuUntum. Youxxg plants . . 

Positivo 

Positive. 

Ijivdng potato tubei-s (inooulatod through 
wounds). 

Positive 

PoiSitivo 

(poor growth 

(copious growth). 

Sfcarilisiod conns of Colocaski antiquormn 
StoriliKod potatoes . . , . . , ^ 

Positivo 

Negative. 

H(;oi'i!i'aod ants ' j 

Negative 

Po.sitivo. 


in tlie author’s opinion, these differences and those found from tihe study 
ot piiro cultures are not enough to justify tlie making of a new species, of the 
l kytofhtJiom on Vinca rosea. Cumulative evidence shows that it is only a 
biologic variety of Phytoylithora ‘parasitica Dast, on castor. 




SUMMARY. 


1. A weak parasite belonging to the genus Phytophthora was found 
attaoldng Fwca rosea in May, 1913, under very wet climatic conditions. 

2. Microscopic cbaracters of tbis disease in Vitica are similar to those of 
PIl pamsitim Dast. on castor except that sporangia are borne on both the 
surfaces and that sporangiophores are smaller. 

3. Asexual spores agree with those of Ph. purasitmt ; the cliiof 
differences are that resting conidia are smaller anti zoospores jvroduco as 
many as four germ-tnhes while those of Ph. parasiPica- have not been 
observed to produce more than two, 

4. The formation of oospores is identical with that of Ph. parasitica. 
The size of the oospore like that of the oogonium is influenced by the medium 
in which it grows. On certain media (Oat juice agar and Quaker-Oat agar) 
the measurements agree closely with those of Ph. pa-msitim' from castor. Ifrom 
the few cases of the germination that have been observed it appears that the 
mode of germination is the same as that observed by Pethy bridge in 
Ph. erythroseptim Pethyb. 

5. Inoculation experiments show that there are some points o;f difference 
between the Phytophthora on castor and that on Vinca. The latter 
is distinctly weaker in parasitism than the former. Some of the hosts are 
common to both, while some which were attacked by the Vinm parasite 
resisted infection by that from castor. 

G. It is concluded_tliat the fungus is not a distinct species but only a 
biologic strain of Ph. jMrasitica Dmt, 



